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Magnetics and Solid State Materials Research Branches of the Physical Sciences
1)cpartrnent. Dr. P. J. Besser is the Program Manager and Principal Investigator.
Other major  contributors to the program for th is  interval and their  areas of effort
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SECTION I

I N T R O D U C T I O N

lbs. oh;c.’ct i ve  ot th i s  b a s i c  research e f f o r t  is  to  C Is ’n i tms i  a t e  t he  l s - a s i l i l i t ~ - I f  a
new Li, ’ehnolo~ v fo r  all sol itt s t a t e  Ia rge Ia La base memo t i e s  f o r  a u I  u s  i ’ f le  SP i te  -I I t )  roe
a p p l i c a t i o n s. The program Scope is l i m i t e d  t o  c l e m o n s t r a tj u , i , l i i i ’  i c : i s i h i l i t v  of t h e
device t L i f l ct i O f l s  and b i t  densi Lv e a p a l I u l i t  i s  r s -qu u s - I l  to mes ’t th i s ’  svst  t ilt C~I ) ~t l  ~ 1Sf
l’able I.

l A i t l i- : I
I i i  t’ ~ e Data  h:is - \ I e n i o t ’v  i—’~ stem ( ;oa l s

Parameter Minimum Goals

Capacity 10 12 bits

B iock Size 101 bits

Access Time to a Block ~~~ s~c read /write

Reiiabi ii ty (Untended MTBF ) 10~ Hr

Volati l i ty (Standby Retention Time ) 1 year

Voiume 2 Cubic ft

Weight 120 lb

Power 200 W

In /Out Data Rate 5 5 l0~ B et s /Sec

L Ambient Temperature Ran ge (Operating ) 55 °C to ‘ ‘25 °C

It is L b s  4oal of t h i s  p t - n.~ i’am L I )  : t c h a i a - e  ü n t -  t s - I - I l t t u l I4 ’ , i t i t U  d i ev e lopn iet i i . I iasc’d
On i f l  s.’va lu a t ion  I ) !  the  p r s - s e nt  m d  I t ) t t  s t i a l  I W ) t l l i t i I ~~ i f  candid a te  ~olj d st a t e
I t i l t  f l i ) l O L~i es to tn s e t  t he  l a l u l c ’  1 ta  t~~ ‘i , fli t t I  I~’ I i n h i b i t  d o m a i n  t s - ehn i s log v  h as  been
Sl il e t ed  sis th e  1 ) 1 S t  to he pu l SIic ’( l  on t h i s  p t t - o-~ I - m m .

‘[‘he propos - t I  ap p r o a c h  m a k e s  u se  t i  sn i a l l  I t i t l u l I l e  i i i a t e i ’ i a l s , self — I I I a S I - d  i n a t ( ’r i a l s
and di \ t s , wafs i’ I s v  s l  i n t e ~~i ’ at i on  t i s in ~~ h~ I t t - i d  ch i n  d I - s i d i s s  and f i n e l i n - l i t h o t ~ t ’ap h i e
t s - e h n i q u t - s  for  dev ice  f : i h r i c a t i o n .  Ii i  t h i s  c t - p i t t  i n t t - i ’v a l , t m n h a s m s  has I t s en on smal l
I m i l d i l e  m a t ( -  t ’i a l s  1 ( 5 ( 3 reh anti ds ’~ u ’ lo p i i iu , ’ ii t  Ss cI ion 2 t , an a l s s is  if ~~t I f —hia s s ’ c I
st r i i c t u i - c’s )S eet i on  k ,  s t - I l  I t i a s t - I t  n i a t et ’ i il  d u - \  ice i n t t - t f a e t -  S t i I s ! t s - S  “ t ’ d ’ t ) i ) t i  I i  and
1u~ lt t - a p : t e u t \  dev ice  ~l t - s i ~ n ( S ec t i o n  k . \ co ncep tua l  s t u dy  ts f  a 11 ) 12 h i t  s~ s i t - r n  is  in
t he  -ii  n v  s Ia ~~t- s  ~Ss’et ion 1k.

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -



‘~~~- -_ _  - - ---~~-- - —- V ~—..— -. . 
~~~~~~ - - - , — .

SECTION Ii

SMALL BUBBLE MATERIALS

‘I ’he fi t’ st  mate i’ ial  deve lopment  task  on t h i s  pi’og ram is the  I ) l ’ ep ar a tu on  of an
inip i’ovc ’d I ~ni bUI )I )le c o m p o s i t i o n,  in oi ’der to establish a valid basis  for  Lbs eva lua t ion
ot t h i s  new mate i’ial , i t  ~-as dc-c’ided to gr ow f i l m s  with  a La l ’g s - t  51 t ’ ipwicl th  of 2 rn f i t -s i ,
so tha t  a cli res t compa nison could be made ~ it is  p i’ev ious lv  ds’veloped 2 - ‘ ni I t u h l l h u  -

iii a te  n ial s. One e an ins p roved 2 1.rn bubble composi t ion was developed , th i s. ’  iii s.- l t  coils —
posi t ion would he adjusted to grow I ni bubb le mate  r i a l .  i)u r in g  th i s.  past  h a l f — y e a r ,
Lb ‘cc conipoS i t ions  have been e~ aluat ed for  2 ~ iii bubbles and 001 c omp o sut  ion has I ccmi
evaluated for  I - ni bubbles .

‘I ’he majo t’ mate  i’ial pa rams. ’te r i’equi r ement  for  th e fo rn iat  ion of bu h b l s  domains
is that  this. ’ qu a l i t y  fac’toi’ q be g reater  than  Un i t y , wh e re c~ is def ined as

9

ci = K 2~~sl
U S

R~ is Lb s. ’ un iax ia l  anisot  i’opy and -l~ M 5 is thi s.’ sa tu ra t ion  m a g n e t i z a t i o n .  .-\ low value of
q (of about 2 pe t’iii i ts spontaneous I) libI ) le nuc’l u ‘ation to os. ’c’u ‘ ( c a l m s  i t i g  I i i  - loss of sb i’ s’d
in f or m a t i o nt  in hig h gra d ien t  field t ’ egions , as b eneath  this -  pe t’mallo~ p a t t e rn  e l e i i i u ’n t s
in a fic ’ld—as. ’cc ’sss. ’d ds.-vis. ’s.’ o i’ b eneath :i ci i’i vs.’ condits.’to r i~i a c u  ri ’en t—as.’c’ c ssed d s \  i t s .
W i t h  ins. ’ r eas ing  t ernp s ’m ’atu i’s.’, Ms 2 ds. ’c ’i’ eascs tao m’ s s lo~vlv t h a n  K 11 so t ha t  q ch- s. ’i ’s - a st  s .
lot’ st ab le ds. ’~ icc ’ i)p s. ’l ’at ion at tt)°( ’ , dt~ ice studies h ays. ’ sbowii tha t  a m o o n s  I s .  l i sps .  i ’atu i’-
q of ab out - I is  ‘c p u  i t ed .

In a ga rne t  f i l m  w i t h  a thu ckn s. ’ss  which  is appr ox imats . ’I v eq t: i l  to  i t s  hul l t i e
cl iams. ’te i’, ths. ’ sa tu  m ’at ion magnet  i / a t i o n  i l ls. ’ i’s.’as -s wi t h  dcc’ t’ -as i ng ij u b l t le  si c . I - ou r

iii I ) l t b I ) lc m a t e r i a l s  ha y s -  t — \ I ~ valus. ’s of 200 to :300 G , 2 ‘~m bubb le m a t  t t ’ ia l s  hay s. ’
I — M 5 values of 400 to 550 U and l iii bubble m a t e r i a l s  have - l ‘~\ l~ allies of P i t t )  t o  ~0t i (
In Oi ’d( ’ t’ to t’ c’ tai i i  5) ~allL’s of - i as ws.’ di ’s’ cease the  I u ubhhs . -  ci i ams. ’I  s - i ’ , we s s e  I i o n s  Lbs
d e f i n i t i o n  of p Iha t  Lbs. ’ t m i u t  - of K~ m u s t  ins. ’ rs.’ase r ap id l y .  I ’h i s ts , to i’ -I ni I t u l s h l t  -s K u
m u s t  be P Li ) i-I  K F i g  s - us ’ ’ , to t ’  2~_ t i i  i )Ubh ) le S  K~ m u s t  be 25 t o 18 K F i g  c iii’ , and 101
1 .~ fli I) lil ) i) l( ’S K u m u s t  lie 60 10 100 K F i g  cni 3 . ‘ib i s  c al ls  to r i tis.’ t’ s.-a s k m g  i’~ l ) \  a ta c i t )
of’ 3 to 4 oti go ing  f i’om en i’i’ s. ’t i tl~ II Sc’s.! -l iii 1) 111) 1)11’ m a t  s. i i  al to 2 . I S S  1) 111 1 s i t  - us a l e  i i  al a id
i t i c t ’ eas dig ~~ by a l’aelo r of 7 to 10 on go i t i t ~ f r o m  I _ n i  hu h lt l s . ’  m a t e r i a l  to 1 _ i s  b i m l u h l e
iii ats. ’ ‘ial .

K u ma~ he m t  i’oduced in epi t axia l  garne t  f i l m s  as a ( O f l s c t j L t t l t t ’ 01: ( 1 )  t h i s ’
i n v e r s e  magnetost i’ic lion effc’c’t caused i)y St ‘5 5 5  be tween  f i lm aiid suhsl ‘ate  t h i s -  I t

l a th es’ pa ramcte r mismatc h , ~~~~ and (2 )  chemical  co i is t i t s . t c ’nt  s ansI gi t \\  I Ii ( ‘ 0 1 1 1 1 0  i i t n ~
K t~11. Sinc ’s.’ KU

u max’ exceed K’ 
~ 

by a f ac to r  of 10 or  m o r e , i t  is of p r i m a r Y  co n e s -rn
for increas ing  p. in a practical way , at p ress.’nt \vs.’ are l im i  ted to a fc ’w g u i d e l u t i s s  i n
control l ing Kij in f i lms  tha t  we grow . I” i rs t , ga i’ns. ’t f i l m s  g ‘owls b\ I i c 1ui d phas e u - ) ) i  I : i \ \

at lowe r tempe ratu i’ s’s have hig lie i’ K~’~1 dlii ’ to the  neo l’ps.) i’al iou of Ph fi ’oni L bs  f l u x , ansi
hence must hi’ gros~’n ~vitii due u’ ega i’d to u I  us - sul  1st i ’ate l a L t  ice pa t ’ani s’t  t i ’  us i sm a t c h
(‘onside rations . (Pb is a largc ’ ion w h i c h  expand s ths. - ga u ’net l a t t i c e  pa u’am - t s - i ’  t o  the
extent  that  it is incorpo rated into a f i l m . ) Sec ond , Sm and I u  sou L t i t i t i t s . ’  to h i g h I<~ ~~while  the spherical  ions \ ‘, I ~a , ( i l l , i ,iu and (‘a act as d i lu en t s . liii i’s.!, in a iii i x t  - 1 i’a i c
(‘a rth composi t ion , t isi  - g i’eatc r th ( ’  cli f fe  i’ence in en re ea u’ t l i si - t  , t l i  e g t -  a i t ’ i’ the K~ ‘~~~

. .\ n il
fou rth , K5~ should I te  as hi -gi  - as p u’a ( ’t ical  and should be in a St -t i se  I hat  is adcl i I i ’, e t o  K~ l t •

- _  ,~~~~.



This. ’ small bubble composi t ions  we have wo eked with  ii i  t l is . ’  past lia~ s - l i t - s n in  t h e
Sy s t e ms (‘i Smi 3 (  I- eUa )5 0 12 and ( \ Eu i’ n i) 3( l - s - G a t ~ 0 12’ i w o  . iii l u l l is. ’ c ’o l i i p t ) s i t ion s  in
these sy s t e m s  have Ku v a l u e s  in the range of 20 to 30 K F i g  c- in ’’ , ~ va lues  in Li s t ’  i’ :mt i gt-
of 3 to 4 and Nes. ,l Ls. ’mpc ’rat s.i m’ e v al s .m -s , l ’~, in this. ’ range of 13S to 1 S 0 . Si ns. ’s ’ w i ’
w’anted a mats.’i’ial w i t h  a h ig his.: r Ku and a h igher  l ’ç, this. ’ fi i - s t  compos i t ion  chosen was
V 

~~, ~ ~ rn 0~ 2 Li’0 a( a o, M i s . ’ 1 2
(

0. ~ i2 •  T h e  cons hi nat ion of Sni and Li’ wa s  cxps - t - t s  cl to
provide a hug h KG~ as iu i t h e  i a  i’l~ I t L I h I t i t  c o m p o s i t i o n  (E u  Ei ’h3 ( i- t - (  at  - (I 12~ at icl (‘a— ( ;e
subs t i t u t i on  was expected to yis. ’ld a lughe r I’\ t h a n  Ga s L l h s t i t s . t t i o n .

-\ tacIt of L Id s  composit ion was fO l ’ l i iLm I a t s . ’ d  and a tis.t fl i l ) c t’ of f i l m s  we  t ’ s . - g  i’o w -u i .
Du ring this.- growth of a SerieS of f i l m s , this. ’ c’on s.’c ’nt i’atiot ss of C:t aticl ( 

~~~
- we i - s.’ c hanged

to inves t iga te  t hu - i  u’ int l s.te nc’ s.’ on k~ . .\ll of t h e  f i l m s  g r o w n  f r o m  t h i s  m t ’ l t  ha d ‘I >~a ls. i c-s  in the r ange of 205 to 21 5°C , an ins.’ cease of i 0  I s ) 70°C oy ( ’ i -  pl’ t - \  s i l l s  \ a l L l t - s ,
In most of Ihess.’ f i lms  w i t h  hig h Ca s. ’ontent , no m ’ma l  ht ,thh ls. ’  g - t s t  - t ’a t i ou t s - ch n i put -s  I , t
material  ( ‘haract el ’ization prods.ic’s.’d hard I )ubhls. - s  at m d v a l i d  c’ollapss ’ f ic - lci s could  tso he
obtained . :\ftc’r ion imp lan t a t i on  to pi’o~ ids.- h a r d  b s . t bbl i -  supp  i - - s s i on , I h i ’  s t a t i c  p ~~~ ct i t - s
wi ’ re measu t’s.’d . The K 11 values w’s.’ m i -  fo s.tt i ci LI) l ic ’ in t h i i ’  range of 7 to 33 K l- m ’g s c rn ’
with c~ values of 2 . 1 to 3. 6, except otis. - w h i c h  hin d a p va lu e  of -I . S. ‘I ’hi - N~ arid p v a l u t - s
we re low’s.’r than an t i c ipa t ed , b e ing comp arah ls-  tt )  p t ’ t ’\ i o u s l - . g ‘own f i l n i s . \Ve found
that all of the f i lms  w e r e  in eompu ’ cSs i\  s -  st ‘ -55 \y hi ehi  t~~i L t s t ’ d  K

~ 1~ 
l u  SI t ilt i ’act f i’om Kt 

~This compressive st rs.’ss ma~ have been clt t s -  to the p m t  - s t - l u - i ’  of F t  on ti s. ’L ah v c lm ’al s i l t - s .
In addition , these f i l m s  exhib i ted  high cos.’ u ’c iv i t i c ’ s . ‘ I ’h i is , it  was cots c ’lud ’d I h a t  t h s i s
m i- It  fo rmu lat  ion was not adc ’qs.u a I s. ’ fo i’ sma l l  hs . t I ) I ) l s -  is sam t - t’ ia l

In the m u ’  rest of pni ’pa t ’ing 2 irn bubl Is.- films ivitis la ‘gi l’ valil -s of p ,  a second
melt  fo u’mu lat i on was  i n v s - s t i g a t t - d . h i t - to th  p m ’o l t l s ’ i s s  t i  h i g h  ‘ - t t - r c ’ i y i t v  in i l -  ( : i — G s -
rn t ’ l t , it was ds.’cicis.’d to devs ’lop a ( k i — s u h s t i t s t t t - d  s. ’oniposi I ion w i t h  s~~it ~mh l s -  pm ’ope t i -s
I i  i - s i , and prepa re a C a — U t -  c o m p o s i t i o n  l a t  - I’ LI ) ob t a i n  t l t s ’  I t i _ k i t - i ’  t \ . ‘lbs  co m p o s i t i o n
sels. ’c’ted was 

~ 2 p~~~t l l ( )  T i ’ t ’ p ~ l - - ~( 5 1 ’ ~l2. I b i s  l o t ’ m u l a t i o m i  h a s  a g m’ t - : m t -u’ ( ‘On s. ’s’ n t t ’ a t i o m i
of rat’ s’ s.’a rth ions than  p t ’e \ i o u s l \  s tudied cotis p o s i t i o n s , w h i c h  sholt ldl i n s ’  r t  - a s s -  N t 

~ 
and

p but dcc  e c a s e  - - 
~~~
, the wall n i o I i i l i  t \  . t o t ’  pt’ s - l i  r n in a  i’v smal l  h t i l I t h -  d e v i c e  w o r k ,

ho wt ’y s. ’ r , a h i g h  p is l ilt)  I s  impo i t : t n t  t h ia t i  a h igh  - -

-\ melt of t h i s  s.’ompos i t io t i  w : t s  fou’ ms. t l : i t -d and f i l m s  w t - I - t- g l’owts . ‘i ’ lie h i ghs ’t ’
rare ea rth concent ra t ions  in these f i l n s s vi s- l s.lt ’ct ‘~i i g h t l y  h i i g h t ’r  p v a lu s - s  i ) f :t . I to ‘ .

although the  fi lm with -i the highs. ’sL p was too t h i c k  ~2 . -Il )  ~ iii i . i ) t t - t o L ist ’ di sa~) p u ) u t i t i t i g l v
low values of K 11 I rons h is ’ Sm — I - r  f i l m s , ‘Vs) i ’ k w i t h  t h i s  S\ 51 s. ’i i i  \ \ : t 5  t i  i ’ n s i n a t s d .

In l ight  of t h e  la i-g e K tm ‘ s.t v a l L m s - s  oh la i t i ec l  its  this. ’ past f rom this ’  ~ Eit ’I ’ uii 131 h ’ s. ’G:m 12
and ( \ ‘Ud’i’m) 3( I- c( t —

~
() 12 svsl s i l l s , the  thu i’d mt ’ l t  conspos i t i o t i  to I s -  i n ’, - s I  i g : t l  t sI on Ihu s

progu ’an i ~~~~ ~2 0~~fl~ 0 5 I t ll p , V t - i 1(;a0 tj ( 
~I 2 •  l i e t ’ s.’ W I  liii vt s i t h s t i L i t t ~-t i (h s t n a l l s - t ’

ia ri c a  u’th ‘I’m in p1 ac’ s’ of Eu ’ Il l th is ’  p i’e\ i 0115 iii s.’it s.’omposi ti n ts wit hi t h u , s ‘xps ct al ion of
a largs. ’r va ls .u e of p. l ou’ a 5 1 u’i pw-id tiì of I .  7 pus ttt id a th i c ’kns ’ss  d)f 1 . 7 ,oii , t h i s  c o t i s —
posi t ion ‘,- i u ’ ldt ’d Ku ‘, :ilu t- s of 25 it) I i )  K J - : t -g  ~~~~~~~~~~ (

~ 
v a l l u s ’S of :t , 4 I i )  T , I; , and - I

values i)f - 133 lo 53 ;  U .

Si nce t ls -~ t -  K u ~- :m l t t i s ~~u’ t t  f l i t ’  h h i _ I i t -~ l a t -  h - i v i -  i’ u - ~t I i z c t I  in  2 p tis I t ubb i s  ni~i t t - i - i - ls ,
t h e  melt a is m o d i f i e d  to pi’o~- i s h ’ I .  in buhb ls ’ t ii~t t s - i ’ i : m l s . I - ’t t r  :1 stnip \~ i t l t h  ti  I .  t i~~ m
anti a tliis - l its- ~ ’~ of I ) . ~ t i i , t h i s  eotis ptt siti oti vis ’ldi’iI K0 ~- :mlu s ’s of 25 to 5- I K I-~t i _ ciii ,
p V a l U e s  of 1 . i t t  , ~~, a n d I — \ I  ~H t m t  -s of t ti l t Pm t ; 9

- ~~~~~~~~~~~
- -  ~~~~~~~~~~ .

‘:

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
. _



- -

‘l’lis.’ pi’umar v ,)I l t ’iI i y e in  t h u  m at e i ’ ia l s  i u i v t ’ s tj g a t i o n  w a s  to pm’ odutec f i lms wi th
Lhs. ’ dcsi i’ s.’d p m o p s ’  m ’ L h - s  as qu ic k ly  15 i)Ossihlt- . In 5 >  rds.’ I ’ to adi ust  thu sL ripw ’idthi to mc cl
dls.’vie c ’  b i t  - a mis. -s , i t  ~ as u s u a l ly  i i c ’Ci ‘ssa i- ’ , to maLt - S s- \  s - i’al addi Lio ms s to th i s . ’  rns. ’lh af ter
i t s  i n i t i a l  to m ’m u l a t  i o mi .  ,As : m r e su l t , f i l m s  ~- c’ l’ s.’ o f t e n  g r o w n  at a m ’apid m a t e  fr om a m i l L
wi th  a low u i  a h igh Ii i ( 1 i o n  to i n  l’ s’ ca  i’t l i i ’at i o) , so t h a t  th u u l t i n s a t  t - p i ’ops. ’rti es for
L b s.- nons ina l  s. ’ornpo si Lion ws. ’ i ’s. - not a t t a i n  -ci . lmpro vs. ’c l  f i l m  p ‘opt’ t’L i t-S should result from
c - In i ’ mu t l :mt es . i  ms. ’lt  comp osit  ions w h i c h  h a v e  p i -~’f t - i ’ n u , ’d va lues  of H and ui o rmal gi’ow’thi

I t . ‘5 .

In chin m’ : m s . ’ t c -  u’L’ dig ltl: u 11 h i u l  th ic ’  is :m l  s - i ’ i : i l  s , t i sc ’asu I’t ’ l l l s . - f l I  II  t h e  s. ’oll:ip ss. ’ I ic ’hh
hc ’co t i s t - s  \- ei’\’ d i t l i s . ’ t,t l t hs. ’c ’ausc’ ( 1)  d ’o n t i ’ ;m st  i s  pool’ :ins l  bbs ’  i n i : i g t -  15 I t t / / V  50 t h a t  it
is  hzm i’d to sc ’s. ’ a h - mu- n a b u i l d s -  c ’oll~m psc-~~, :mnd (2 )  t h e  5t 1’i p s p l it t s . ’ i ’  on ou t’ c h ai ’ a c tc - ri —
/ : i l i on  s l : m t i o n  is un : i h i l c ’  to s. ’u t Lbs.’ d l o n i a i n s  i i i  n i : i t s ’ i ’ i a l s  a i th h igh  - l n - \ l _ - and hi gh K~~.It has , th c- ccitt nt , hi-i -i s nc s. ’t- S s :m l ’\ ’  to s . -m t lc -u \ ’ a c’ i s :m i ’ac l i- i ’ i i : Il ion tec’isniquc’ ~yhicli i s
n sach i moi ’s. - snl i s t i  k’s.’ t h a n  ms.’a su l’ing thi c ’  co Il :mpss. -  f j - l t l :  ‘i he b i a s  f i e ld  is inc i t -a sc-cl
s lowly  l in t  i l  s t si oo lhi  ( ‘oust t a c t j o ts  of t h e  St n ipe s c’ s -u se s . ( Hs. ’pu-a ting liii s procedui ri ’ several
t i ms .-s  R c S  some  s. ’oniids. ’nc ’s.- to Liii ’ t e c h n i q u e  but  i t  h a s  tm ’ c ) t iSid d ’I ’aJ ) lu  - utnc s . ’i ’ ta ius t v .  ( This
y am s.’ of Li i i -  b i as  fi s - I d , hi b i as ’  is ui st ’tl iii C of lj u t t i c ’ t  i o u  w i L l s  Li - i s -  ‘at is.) of this.’ ps.’riod at zero
bias , P0. to Lbs. - h I m  tbiick ns. -s s, Ii ,to s)htaits - l~’~~I~ fi om si a plol ,t l ll~ j,~ 4— ’\i~ vs l’

~ 
h

11 ~1 i t .  I~oI low-i h g  ion ins plant at iou , a fs. ’~ ’ ho lii i es wi- i’ s.- o f t  c i i  foci sd sviii cii we u’s.’ used to
make c’ollapsc- fis-lcl mu -:m su m’ s. - n ss . -n t s  ; h o w s - v s . - t ’, tins Lvpt - oI hil t ! -h’ ( g t  -mit ’ rated dim riusg ion
implati tat 1015 1 is not :ilw’avs typical ,t l hubh lt-s fom’n sc-d i i i  ~1 ills) i _

s s.’oui\ t-nti ot sal way. \Vhs.’is
a spatial f i l i ~- r i n g  st a t ion  i F - f  2) to t ’  small bubhlt-s has hs-s’n ass~ -ml  lid , w e  ~‘ill hi’ in a
hette i’ pos i t  io ti  t o  p t’OVidlc- I t l  i i i  - chi~i l ’ : i c t u , ’ t’ i / : t t  ion clal a on snsall hi_k ible nsat e  i’ials.

-= 
_~~~~~ ~~~~~~~~~~~~~~~~~~
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S ECTION I I I

A N A L Y S I S O F S E L F B IASED STR UC T UR ES

1)1st’ i t s ’  t l t l h i h i s l I i ic ’t i t  ~v Iiii ’Ii ii 5111 ( 1 :mi t l  this . ’  success of t h i s  p rogr am i s  Lis t ’
t l evs . ’ l u t p t i sc ’n t  s f  ~~- h I  — l i _ i  s , -  I t l t ’y l s . ’t s  w h i c h  iu h i s . ’ i ’ :m t i -  i’s.-l iahl v  sive i’ an c ’xt c ’ts shi ’d t s . ’mi sp c - r a—
h i t  I l l i , - . 1 5 )  t h i s  a : , It -t i sps ’t’:mt ll I’c- —~ l :mhle s e l f — b i a s e d  I i l n s s  nit ,t s t hi ’ grow ls f i i ’ s t .
I ta c - v t . -u ’ , this. ’  sp e l l  i c : i t i t n ~ s hs-s s . ’ i ’ i I i c ’ t I  in pi ’ev ios. l s  :m i ’Li s. ’ls. ’s Io i’ grow ing such t i l n i s
st - I ’ m t I t . -  s o t i t ew hi:mt  t ’ i ’ u l - , s i n s . -  n i : m m s v  t t f  t h e  I i h i n s  gi ’ow~ s thc r s . ’l iv  Lend to be undi’l’—

I m i : m s s - d . It i s  ti lls i s - I t  t h a t  f t t i ’  — llt s. - t -SSILtl gi’sa v t h i  il ts. ’t iipi’i’atui ’e—s t i _ ihi le  s c - l i — b i a s e d
i i i m s is  I I  s m t i : t h i  h u h i h i c s  a b c I U - i ’  t . tns hs . ’ i ’ s la n sh i t sg ni lb s.- ba sic ’ ph ys ics  u I  s t - I f — b i a s i n g  is
nt- c ’ s ’ s s :i  m y  , .~~c’s.’ u u ’ t I i t i g i v , we  hay s. ’ s . ’ : m i ’ l ’ i i - u l  out au -\ tt -Ilsi V i- : i n : m l v s i ~ u I  ~s- it— bia seth
s t i ’ u s . ’ t u i s -s cy h i ic ’h w i l l  I -  c h i s s . t t s s t - s l  its t h i s  ‘-n t ’ L i s t l i .

I I N i ’ I i  iDE I i i  \

I rn , i t  uI t I t  - l  3i I i  m’s I  p i’oposed thi s -  ids. ’ :t ot m t ,  m ’ t i : s l i y  s imppl ~~i i g  an s.-ft ectiyt’ bias
t i c - I d  to s t : i l t i l  u s ’  n i: i -4n , - t i t ’  I tubh ih i ’ s  \ i a  c app i n g  cionsain w a l l s  fo  ‘mu-c l  at L b s in - ni ac’ c- of
a hIll ii t I - I i  l i i i  : i t icl  sn :t d chi t  i tn:t l  lavs. ’r ‘,vhus.’Is is cxchatsgi’—c ’sutp ls’d to t h t ’  hlthhls.’ I j I m and
p t’niat ii-u st i~ t s i :t gti t ‘Li - - - I  Opposit e Lc) On - b l th h ls .~ nsagni’t I v a t  ion . ‘Ii is. ’v d s-n iot is t  u ’atc ’d pa t ’t ial
r s - p l ac’ s . ’t u ss . ’ts l  of this ’ h l : t s  l i t - I d  ltsing un o i ’Lho t s u ’ m ’ i t s — i s s c ’ t a l  cl , sciI l i - — l : s y c - r  St u’s. (ctlu t’s.-. i)oublc’’—

- u ’ s p i t  ax ia l  g :u m t  f i l  ass ha i  I ti ~~ t ’app iu sg wal l s  w’s.’ m’e i_i, i - own I a- I1ohc’ck , t I  at (H s.f I)

i n s.’o t ltl tn s. ’t lots wi Lls t l sci  t ’ wou ’k on Isa i’d lss.ibhle Sltpp u ’ i’Ss m i s . h alt- i’, I clii shib a , ci al
l t - f s  5 i t )  7i -

~ t i  ‘iv dout t l i - — l~l\ cu’ s.’pi tax ial i_~a -li - I filhss s wit h h i se i i’  h i a t t -  u ’ia l pa t ’aussc ’tt m’s
id t . t s t s - d l to fu l l  s - i l — b i a s i n g  :t uicl di - m i s o l i s t  i ’atc- d op i ’i ’ at iohs oh htlh )hls (hu-\ l c -s W it IsO llt an

s ’xt s ’  m m i i  h i : i s  l i - I l .

l u - I  Its l t i ’ i s ’ [ l ’, t’ t \ eW l ist ’ has i s. ’  t h u - n r c  of th t -  s e l f—b l as t - c l  51 r l l c ’t l I  i’s ’ It. ) lt nds. ’ i - s t  and
i t s  l u a s i t -  u i t ’s . ’h ia t n sm . ( o n s i c l t - m ’  a dol lh l t -  l ac e r  f i lu ss  as slsow us in l” i gu i’s.- 1. If t h i s ’  ho t tons
l ; m v c ’ u ’  i:t ’ t I ’  1) h a s  an ext  t’ t ’ r n t ’Iv  h ighs  : tmuso ts’ op c I i s . l d , H 1,j ( - - ‘ l T ,’\1 5 of i ’ i t h t ’ t ’ l a y t ’t ’ i ,
t h u - n , ot u - - sa t s .mt ’ : t l s . ’ d l  in l u l l - ch u ’ c ’d ’t io t i , i t  w i l l  i’ s. ’lii: Uti sa t l i  i ’at -d u t i t i i  a iis.’ld h i i - _~h s - i -  L h samm
I ~~ Is :mt ) p l  i - i l  i n  ths tI a ts i t s - cli m ’s. ’ s . ’ t ioui  -

I I L A Y E R 2

I I I
///////// SU BSTRATE

I - l i _ t i m  ‘ u -  I .  Dou tbls . i  i ay s . ’ i ’  ~s l I ’_ i ’ , i a su 1I 1lubhis ’ I )ou s s a its St u ’ u c l u i u -

ii m j c l t - : t t  iou fi  - - h I  is in n t  - t’ :u l  ui is. us ’hs su i sa h ls . ’ t -  t i sats hi jç~ at ( his. ’ eclgi of at i  a s  —~~ u ni t S w a f t  I ’

s i .  -d a s : u t i l n I ’  - lii c’ch sats 1 - : u  I I .  t t t  f t - m a ss  :t  w- :i I c ’ . I iows.’ve t ’ , t t  cats hi -  is-i a clc ’ :us la gs - as I
Ia c ’hcni i t - : i l I y  e t s - h i t i 4  o f t  t h e  u - s i g s ’ s  ( s t - I -  Ss - e l i o u s  I \ ) .

____  ____  - ~ ~~~~~~TI~
__ L.,



SECTION I I I

A N A L Y S I S  OF S E L F~B IASED STRUCTURES

( ) t ) ’ :1 t ’ s ’ t ) m ) i i ) I  i sh in  m t  vi i  i eh i  wou ld a id  this . -  sn s. ’s.’s. - ss of L ii i S prograns is thi (’
i i s - i s . 1 i ) i ) m c l i i  n I  u - i t — i d  :t s c - i l  t levi c’s.’s ivh i j i b  oI)s.’i’a Es. -  i’s.’liablv oVs. i’ an c’xts. ’n (lc ’(i t s. ’t~ pc ’ra—
l it l’s’ i’:i Ilg t - . ‘lo t I i i  s c li i i , ts. ’ll i ps.’ l’~iti l i’s.’—stahls.’ 5 i ’h f— i ) ii l ss.’(h l i l  iii s n iu s t  its. ’  grown f i r s t .
I ho w t a t - i , I he sp s . ’ i ’ i f i s . ’a t  i ll s h i - s c ’  i ’ i l u c t  I its p r ev ious  a r t ic lc -s  for  grow ing such f i ln i s
s s .e tii 15) he so m si c- y i i : u t  c’ i’u ht , Si 15s.’s.’ ni : i t s\’  of this. ’ lilnis gi’oivn tlss.’reh’>’ Ls.’nd to be und s. ’r—

:1 st -I . it is thins lilt that for  su c c e s s f u l  i_t u ’ u w t h  of ts.’nspe i’aturs.-—s t ahi l e  si ’l f—biase t l
f i l m s  Ioi ’ s nail httldilc ’s a bett s. ’i’ u tus ch c ’ i’~ t~ usd ing of ti - m s.’  basis.’ p h ysic ’s of s c - i f — b i a s i n g  is
iss.’s.’s.’ss:i cv. ,- ‘ut ’s. ’si m ’ u h i t s g l ~’, ws.’ havs.-  s. ’:t i’ni c ’d out an s. -xts. ’iss ive analvs i  s of s c - l f— I i i a s t ’d
sti’us.’tui’c-s ivhi ch i  w i l l  I ts . ’  t h u s s . ’ i t s s c - t l  i n  t h i s  S t - c - l i o n .

I h N ’I ’H ) i )t (’ l ls.)N

I i c u , c - i  uI ( h i -f 3 tm f i t - st  i)t’OP Osi ’d t Iss.t icls.’a of in t t - i ’ t s ~u l lv  su pp l y ing  an s. ’ffs. ’cti vc’ bias
iic-ld 10 St aid ! i / c ’  nsagni’tie hubhls.’s i-i a s.’appi us g cloissa its walls to u’ns( ’d at thi s.’ itsts. ’  nf ’ac’e c)f
a i ) l th ) h l i ’  f i l m  ~m t i dl an ~u cIs . i i t io na l  l a - m e  r which 15 t -XC h sa lsgi ’ —c’ Olm pl s.’d to thie hs.ibbls.’ f i lm and
ps. ’u ’us sa i s eti t lv f l s : t g t l s - t  I /s , CI u)15P )si I t  ts.) t lss. - I ) lui ) h ) l s. ’ i is flgt seti  za t i o ts . ‘l’Is s.’v ds. ’nso isstrat s.’d par t ia l
i’ c ’pl ac’i ’n ss. -tit of t h u ,  b ias f i e l d  lus iusg  ats o t’th i of c ’ i ’ r i t e — ns et a l  dol uhl e—l av s . ’r  st ni u c Lu u’ s.’. i)oluhl s.’—

l a - m t - u ’  c ’p i t ax I  al g :i u ’ tis- L t i  l iii s i s a - m i  usg capping walls  wi ’ ri’ g i’ow’us I)v Bohc ’s.’k, c’t at (H s.’f 4)
i t i  ( ‘ t )ui  j l t t i i ’l i t ) t i  w i t h  t i i t ’i  t’ w’o t’k on Isa i’d 1)111)1) 11/ Sli~~~ [‘esSion . I al t - i ’ , t ’s. ’hs i sh si ha , s.’L al

l I t is 5 to 7t u -i ’, dua l t l s . — i a ’ , ’s ’ i’ s . ’pi  t ax ia l  ga met h’ilns s w’it h s th sei r mats. ’  m ’ia l pa i’aisiets.’ u’s
ad jus t c ’c l  to full sc-I f — h i : t s i t i g  m u d  s . hs ’ t souss t  i’ats.’d opc’ ra t io ts  t ) f  bu ubbls.  clevicc ’s w’itisout an

-x t s i n a i  b ias  field .

I , s ’ t  us I ) i’~ t ’ fl ’,- i’i ’vi s w  ths c ’ basis.’ LI s c ’o i’~ of Li ii ’ sc ’lf—b ia sc ’c l sI rl u c ’t lu u’ s’ to un d c ’ i ’stand
its basis. - mt-c’ h iauiistsi . (su u s sich c- u’ a d louh ) l s-  l ay e r  fil i ss as Sisow’ts in i” igs . i rc’  I .  II t l ss -  h ) Ot t O f l s

l a - m t - i ’  ( l a y s ’ ’ 1) Isa - l i i i  s.’xt u ’ c ’ i sss . iv  h i g h  au l i so t  i’opv f ie ld , H NI ( - I — M ,~ oh - i l h s e  i’ lay s ’  t’ ,
: 1 1 ,  i i , oties. sa ts . m i’ats. -cl lii O t i s ’  cli u’ c’c’tion , i t  i~ill i~s .’l5it iin satl u l ’ats. -d u us t i l  a f i t - I d  h sighs. ’i’  ths a n
I I p1~ is app l i i - d t  in this.- opp o Sits . ’  di i ’s. ’s. ’Lion -
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t ts dE s.’ i ’ t l i s . ’ s t -  s ’ o u i c h i t i o m i s , it l u U l ) h ) l c ’  t i o t i i a i u i  i ts  E l m s -  t op  h t \  -i ’ ( l : u \  u t ’ 2 w i l l  I~~- capps ’d
with a dl s. tnl aiu s i ’: :ull it i t h i t ’  m i t . - u’fac’t’ of t he  t w u  i: m\ i - u s , 1 15t h , ii h s . i l - l , h  - d i u t s i :u  i n  w i t h
dia i sscts. ’i- , ci , its layer 2 ,ui th n t- L , ii- s -~, hi~ , and 5:utt.i tat u u sn t isagtis -ti/ a liu )n , ~sl 5- , l : us Liii -
s.’ns. ’ m g  V of this. ’ l o in s
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wb sc ’r’ i’ l i ~ ~, 
- , , :11 1 - ‘  a 12 au’ s.’ t his. ’ -xi  t - u ’u s:ul I l a s  f i t , l i t , t h i s ’  wai l  u - n t -  -4 .  chu - us s I I  \ i t t  l a - m s - u ’  2 ,

atss.l t he  eis ’ - i - g - m d t a l l y  ob this- s- :up p iuig ~v : u I i , :m nc h l’ \ l  ~ tin - u s i :mg u l i -lti i- ’ ’ u tic ’ s - as - r i _ i ’; of
hub h t i s - . \ , u t  t l is ’  s : I n i i -  u h t  -p u nc ls m i s ’  - ohs (I oh t l i t -  I t  - ‘-z i I s ’ ‘Iii I /i - t - t s i a n  i - n i ’  - 4 2 1  m i  I I i i  l : s t
I s ’ i ’ f l i  u c : p ~s l I 5 2  w : u l l  t ’ n s ’ t g \  . I a L i n - ~ t h e  vi t i a l  s h t - u ’ i v : u t I y e  of 1 : - i -  w i t h s  i s p - s t to ci i’ii -lds
t h t ’  is.) ‘i’s.’ 51 a h i h i t , c i’ ssss.ti l nu t

2 il / 1 1 11 1 12 \ .~~ 
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h 9 hi 2 \ 

I \ 1 2 2119 /

~ ‘hsc’u ’ t -  f t  d h 2 s  i s  t h -  l h j s . ’ l u ’  In  c -  h u u i c t i o u i , i t t - I  —u 2 - -2 ‘ I~~ \l~~,2 atscl
- 1 2  ~w 12 ~~~~~~~~ it i s  st - I t S h u -ot s i l’q 2 Iii: ’ t h s -  c ’app i ts  -mi -all  t - n s - u g \  p t ’ o v i c l t -s a
itsn t us c l i is ’s I s - I h t e t u \  5’ l t i : l s  f i t -id oh n s a g u sj t u d i ’  “ l u  2! , i , In o t ’ d s ’ t -  I n ’  t in s 51 i ’u i ’Ls.t t ’ - to
sc lOl)ot’ t s t a i t l i . ’ ha l f  h l t l u h i c s , t his - w a il - m t - ag ’  d t - t s I t y  oh b u y - u ’  1 , s~~ 1, f l i l i s i  I h i i _ l t t - t
t h :uu i  l l i : u t  of l a y - i  2 , o~~~, suns ’ s- ot l i t - i w i s t  h i ’  u - : u p n u  mig ~vall  iy uli a - t i - I  m ’at c’ i n t o  i : t a t - r  1
atic i u ’ v u - u s t s . u a l l i  p luus c l u  I I t i - t t u - _ i_ h f t - sass t h u s ’  1a~~t - u ’  I l :u ~ s - u ’  2 m i s - i - h - i s - ’ i n  t h t ’  su h s l  m a t s ’ . E us d c ’t ’
this’ s ’ o n d i t i o u u  ‘u- I - t u - 2 ’  t h i s -  c ’iup p i t l g  is all  l u s i l s i ~ i u s s i c i t -  l a v e u ’  2 ami d i t s  t n  t u g ’  ( I s  u t s i t v  is
:t s s s t r t i s  i_ h s -qua l  Li) t h i I t t  oh 1:u  s t  2 , ( I l u ’I - ‘ , , , ~tis I 9 . . ~~ v. l 2 ’ ’ i’;2~ 

l hs. t s , c lu ’oppi us ’ i_
t h i t ’  s m f h i c i - s , Li ii ’ m o t ’ n s a l i  s - t i  - I l - i ’ t i y t -  l u i : m s  m I d . ‘ 1 t ’ f f  I ’ \1~ ui ~~i~ hi ’ a c i l t s ’ n  i t s  ~ 211 .
it  s l t o i t i c i  l I t  t ii )ts’ tl t ha t  if  in  u d d i l  - : 1  I u t : s i t t g  I : .  s t  is iI:tc’ ’ uI oui tm  ot thss.’ ltt t hhlu
5 005 > u’ Li t i g  I a - m t ’t’ of i’ig L l I - t - I , t his-  i t i : t s i u i - g  t a t  u ’ is u ’ x : u s - t l v  shi ’~t I u l s -d . ‘l ’ l sus , L bs i - h i t - s - i  iVs-

l i : ms f i s ’l d  can I v u ’ i t t i u s  iii sit i i -  4 -  l i -ca l l u - u t :  is

l i t - I f  I -

2h 
(.l i

w’hu - i c  i t  = I Ioi ’ t h s s -  ‘s t~~h i - I au s~ - I  - - e iu  s’ - :1 u I  I i  2 I t t -  I h i s ’  ‘ ‘ n i l  1 - —l a s t  - u i ’ - a s ’ - . l’lsis

‘s l a t  ion u~ ul ni i t - u I  in I i g u i ’  2 It ’ b it t ’ 5 utg I I u uas i -il c u  ~~ ‘ - ( I s  i t  a long  w i  Lb tIn’ Itt.lhtI u l i -

st: i I , ilil . i i: u t ig t - ~~ a f i u t i i l i t i  - ‘ I  I ’ , .  hi - a ’ -  I ’  s - I ll  l t’oisi l i g u t  i - i -  4’ t b sa t h i l l  s - i f — l u i a s i t i g
ca ts - 1 : 1  l u -  as - hi  it a i -ui t i ) ~ 2. - - 4’.

l is t ’  iuii p ih i - : ut Ii)1 i5 of t in - su n ’ - t h s s s s i - t : ’ : i t - , - t h a i  i l  p i n p t - i ’ l i t - s  oh ths s ’  s I I — l i i s i s t ’ i h
l u u l i l - l _ i s h i  ~i id si t t : u g l  1 ) 1 ) - l i t  l : u t ”  itt Iii t : t i ) i ) i t i g i h i s i i :t in s v :u i i .  ( l t u i t l t t s i y  t ’ t l s ) u t L i I i , I i s ) \ v s ’ \ t - u - ,
t h i s ’  1 : 11 1 i~t - ot hi ’ t - ( : 1 1 ) 1 1  u :  SI , I I  l i s t ’ -’ m i s t  I t t _ I  II i t  a t  i s  “k  il i i i  I h u ’  l i l t - u _ i t t  u t - i - . u 1 i - m  i s t t t s l \  , this ’
St i ’ t _ i s ’ t t . u u ’i _ ’ i t l  t h i s  5 : i i t ! ) I t i L i  s u I i  i s  s I ‘ ‘ l i s ’ t — u t i ’ I s :  - -  \s ~t s i t t i s i - j l t -t ul ’ i- , i ts  i- t i ’  t 4 \

L u s t ’  I t t ’’ , i ts t:t s tt g lf t t u n u g h t t  I s  u t s u r i  i i : u I - h  l hlt- u -i- ’ h t ’ m~~i l b u ; t I  ol t h i s ’  i ’ - ’ t )  i l u ’ g
svuli itt Ithis u k i t t - . I mi i i i - ; , th ~ I t  a u ’ - s ilt ’ ‘ x p , - i  t u i i - u st i i  u ’ s’ s uul t s t hou nu: i  h i s ’  aL t  i ’ i h u i i -d

I )  t h u s . I s ’x ’ ’t s ipl  t , h i  ii h i ’  1:1 t - t I I  i i  s g i  i t s  i t  - i t - s t  - t I  l t t g  l i - i  t h i s ’  s u m s  - sli ‘cii  i c ’a t i  i S I S
i i , ’ ,, t SSllI))I t ig ‘w 12 1 ’ 9 u  I i  ~ u I  i s  I t ,  n i l ,  i ’ t ; i s s ’ d  m l t i  t c , I l i s t s , i t  is I t- i l  th :mt its
ii t hi I i s  551cc ’ s s b - n h i  ~ t - ,as i s  u n u n t ’  u : I t n i l i - —sI ,i l -

~~ - I I  - : i s - t I  I i li sis . list- n: i lt u u’ s’ of t h u
I :ui)oiu t g ‘ - _ I I  ~l i t u l u I  I ,, ~i i ttI ~t cI I l i st .

in t h i s -  l o l i ts ’ . r u g  s - i - u  i , a t -  ‘ s i l l  h - i l .  u i u , s  t i ,  St t n t t O t t i - of i i i - s’~ t içs ~t ig w : t l l  ati ch
s i - t u v e  i l s  iv :u ll u - n i  u ’g i . II  l i i i  I , ; u s t - ’~ i l l h i i s a t a t ~ - - t . i s , a t -  a i l l  t l i t - t t  s h s c i i s s  th is . ’  e u a u h t i n t s

r u s h - u  ~v h t t u ’ h i  si - I l — i u t ; s s ’ — ’ s I l , u i i u l i l i  ‘ -~ i n - , t i -  ‘-— ! : u l t i t t , ,I
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I - i g i i  - i - 2 . ~~i a h u l i t  (‘o u s d i l  io mi  I t  S i - i f —  h I l s u  si -si l i t t l i h i h s -  I )on saj n

4’ . 2 S r l u  ( 1 1 111-: . \ N 1  1 .N h : i i ( ; v  s i t -  i l l  I .  ( \ P P t N u ; \V~\ I l ,

It  i s s s - t ’ f l l  u t m u s i  [ i g u t ’ s I t h a t  i i i  t ’ u p p i u i g  w a i l  is ol ( l i t  I i c ’ : u i i — o n  t y 1 s t . S i t s t - , l I s t .  h t ih bhs . ’
i s  a cvii tid n - i t - a l s i u t t s a t l t i , t h i s ’  u - : u p : u i i t g  - ms - s i l l  t s i u i s l  h n S t \  t ’ a t ’ac lj a l  S\ m ui i s . ’ L u’ y . I h s i s  t s l s -a h is
t h a t  th i s  s . ’ o u u u p o u i t - u i t  t O L i i i -  I s : I g u s u - l  u mi s r i t ’ i s s l ’  i t t  t I ~s’ p l a t s s -  , s l  l i s t  wall - m a  i t -s i t s  cli h ’ s -ct  j ots .
\s io ut i_~ is I h i s ’  lh sicLos’s s ~t l l b u s ’  a r u l I  i s  s n a i l !  c~titi psm t ’ t-ul wit i s  t h i s -  u ’ a s . l i t . t s  il  t l i s ’  I t u l t l i l s ’,

li o w s - y e u ’ , l i i i ’  u - x c l t : i t i g i -  u - i t t  4 : t s s n c t : t t i ’ d  5- n I h  th is a tsgutl sm t’ striation is ilu 41i4 i I ’ lt . I t
is a lso s s t g g s - s i i - ( I  t h i s u t  t h i s  e s ip p u t s  s s s u i l  h s m s  Sou i i ~~’ t ’ m i t ’ \ : t l u t i  l i s t - I i .  l I t i s  i s  p u ’ t s u t s i a h s l v
s lU t ’  to a sI coui-g u - : s u h t a h  ~ t t - a v  I a I s h  s u t  t h i s ’  - u I - g- of t h u  h i t h t h l s - w h i t - i ’ s ’ I h i c  s ’ app i t g wall u su u s t
I t ,  - t u s o n t h s l y  u o t t u t s ’ s ’ t t - t h  h i s  ( I i ,  ‘ t - t ’ l i s : u h  w : m ] i ,  l isi- ‘ -I l - u t of l l s i s  t ’ s u t h i : u l  sI  :t f i e l d  s t ’ i -ns s
Is ) hi ’ lit u t i c t i - s u s s ’  th i s -  t h i t ’ L n i  ss s t l  l i l t ’  t - : l : t n i i n t - g  a m l l .  I h a s , t l s i - a s u l i  c u i l \ : t t l u i’s’ ns as  he
ussos - , : t r t  r o t c i :u l s ’ l ’ :  t i t m u ’ d  i s  t : s i l i a l  Ib5 ui-h ~t u , - ss vat ’iatism . In : i t i s  s~~i 5 i - , hs oi v i - s  I t , i t s
— Its - e l issay hc’ us , -glt -s-I s-u i :t - g:u iii :15 I-tag as Iltu - u s u il u l t s of On - c app ing  w s u l l  is much  Ia 4 , ’
t h i u t i  t i  t h i e L i t  -~ s, I hi t s , ii - m i s - a  il lIst ’ u : u i -i I hat this ’ s’sup n t t g  wall is f’ot’nss’cl i ti s i s is -
1 st - i - 2 . thi s.’ s ’ : t p p u t i g  sc u l l ti - is is I l u ’  app u -0 .\itsia l ul Iii i i  Ii s t i l  - on i Ious i ~u I r i  w a l l  iu i an i m i f i u s i m  i~
tsi s’diuu n sis sliosvu i its igu ‘ i -  1 , in wh ich t in’ i -Sts\ :uxis is m - ,~~n m iclemit with lls e -, suxis
I \h -~ 
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i’ igu es. 3. ~lode l fo u ’ ( ‘ su ppi u i t . ~ \Vstll SI u ’l u ( ’ t  Il l’ s’

whs s. ’u’e ,-\ and K~ ~~ th i s. ’ c ’xs. ’h ss u u gs.’ atic l u n i a x i a l  ausi sot  t ’Op\ s.’s)uistatit s , u’s.’sps-d -t f l I  -I V . II
is nots.’cl that the l i i i  s . ’ g t ’ s u l  clot’s tis.)t hsuv s’ a I’i t s i t s ’  i - su l us . -  Sitscs.-  ti l t’ ts s :ug Iis’ lo st: i l it - cuss.’ t ’gv is
2 M 52 at i = ~~. hIows.’vs.’r, th i s  int ’ ini t s . ’  valuc ’ ot this .’  i ssagi st’ ins ts i t ic ’  s . ’ i s s ’ t g v  is us t i t  a
p t ’ohls. ’ns a I all. i’isis po i us t ( ‘sits l)i ’ macic ’ ai~pa u ’ t ’t it  h i  u ’ s. ’w’i - i t i l t  [ l i t ’  I s ms  t I s -  tan oh l’~ I
as 2 “ \ I ~ ( I - _ i~iui  2o~ E t t u a t  ion I Ii th en i)s. ’c ’s.) tis s’S
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~ sin (J 2 - - )d cl> ( S m
~dz ,‘ uu s ,,

0

)hviouslv , it is the last Is.’ i’m that mahs,’s lbs.’ wall c’nc ’ i ’gi iI’s t t i s ~ t u . ‘liii- last ti’i ’w~, ivbiit ’t i
is iusd ep s’nd i ’nt of this.’  magu -ui ’t i  ,at ion  disl  u’ i b s . t L  iots of this. ’  s - a l l , is Lb s. ’ n s ag u s i -t c ) s l su I  Id’  I n s ’  1 4 5
of a uun if o t ’n i ls  m su guss. ’ti z s. ’c l mc’d i uim . in out t’ douh l s’ lavs. ’r  f i l m  io u’ w’li ichi 7. is Lerisiinats.’d
at this ’ so rfac ’c - , t h is magns ’to sta t  ic cuss ’ u ’gv of cos.u ‘st h i si s  a t’i t i l t s ’  a lu t  c ’ and co rt ’s’Sb )s. )tid s
to this. ’  ds ’nsagist ’t i zius g s.’ns.- t’gs of Lb s  f i l m ,  h o  u’m at loti of h t i u h h l t ’  n u ’  st u ’i p doussa ins  gu ’ t ’a t l  V
rs. ’diuec ’s th i s  ens’ rgs’. In oil-ic ’ ’ wo rds , go ing  h’ u ’ t -im this -  m i m i Is’ nss. ’c iiuu si of I - i g s . t  cc ’ 3 L s
hi ’ f i n i t s . ’  medium and f i n i t s ’  domain Si zs. ’ of I- ’ ig lu  u ’c’ 1, t h is c u ss ’  u’ gv is t a  u’ ris . ’d a l ous g  its

th s. ’ fo rm 5)1 the iii agtsc’tos ta t  i (‘ i ‘ l i t ’  14 5  of t l is. ’ hub ) d s’ . (‘onst ’qlu cui LI s , this. ’  ( ‘apI) I tsg w a l l
s usi ’i ’gv can h-is. ’ ds.’fins’d sus
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Note that  Eq (5) has lbs.’ SalTi c’ iunt ’ t iou sal fo~’ni as t h s u t  of List . -  cu l t  - t ’ \  of th i s ’  s i  mp l t ’ 1 ~U 1 1 1 4
Hl sx ’Is wall wi th  Ks.1 replaced h~- K0 — 2 ~s1~( . ‘l’lss.us, t h i s.’ tssin il i s i 7 5 ) 1  t O l l  c’ , ’s t s t l i t  it ’sti  ‘u si l l s

- 2~~M 5
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- 1 1 2
— t~w2 ( q 1

whs. ’u’s’ ‘ w2 - I f\  K0 and q - K 1~ 2 r \ l s
2

If should lx ’ nots. ’d t h at the  c’appiui ’’- w a l l  ens’ t’gs - is sin su l I s ’  t’ [h ats t h i s ’  ( ‘ 51 m d  t ’ i ( ’ s l  I i l s i ts i  s u i t s
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No w t i n -  e f f s ’c t iv s . ’  b i a s  f i t - i d  should I ts ’  t si c)( lI t it ’d to j t i ( ’ i L t d l  List ’ ml in~ 5 t s i  i l l  ) t . 1 1 1 1 1 1 - ’

l l ~~~ It , 1 1 ‘2 —

~~~ ( 1 - — )  I I I

The ins p l i s ’ a l io t i  of t h i s  r s. ’siu lt is two foldI . I- j est , th i s ’  ,- Ihi - e li VI ht:ts f t u ’ l d  u s  I u- u r n 1 i t t .

this ’ f s u c t o t ’  (1 — 1 i~ m 1 2, e.g. , 10 p s. ’t’e t’nt f O i ’  5~ = . t . ‘ i b is pi’ohsi iuls  i x a l s u  i n s  th u i , -i ts hi nt’s

of m a ny  t u nis grown u ui d s. ’t’ p t ’u’ v iOUs sp s ’s.’ ific’a l iotis : t s s u t t s i  i t ig  q — -c I I a i t -  i u n d t  - u i  ‘ u  is -t i .

Ss.’s.’ondtlv, this ia s. -toi ’ givs.’s riss.’ to an as.Idiiiouial ts. ’u ssp s. ’ t u t u  i’ s’  ds’p s -t i th ’u uc i -
• lists II - s t a l l

sI  oh dii Is sit - id [cu sps ’  t ’fl I l l  u ’ s: deps.’ncls.’nes.’ of Sc’ l t —i )  I ass:s.l I ) s .u l ) b ) ls  -s ti l u s t  I t t  - m ’ s ‘t’mSisidl s ‘ i ’ s (i un

l iii ’ l t s i s i ~ of t h i s  ni-\\ ’ i’ s.u ss.u lt.

F 3. 3 S T \ B h I l h ’ \ ’  01- SE I , 1~’- B h \ S E i )  Bt ulH I- :S

i ’h ss. ’ i ’ffc ’ct iv s. ’  h ias  Iis. ’lci g ivs ’us by Eq (7) is  p lotted u i  H g u t t ’ t -  I lot- t h e  s t tigiu- — isi s t ’~’ I

(‘ass’ (I ) ii L ou ’ ~h = ~ ~it~ I dl = 1. i - o r  ci -— ~~, t i -ms. ’ s ’ f t t ’ c t i v c  i t i s i s  f lu - Is . 1  t s  s . t t i s ’ h i s i t i t ui I t - mis

t i - i c ’ si m p h ’  a i ’xpt ’cssion , I-q  (31. I _ c) 1’ u I ‘~ 10 , h u o w c ’ s c  i’ , thus . ’  f u l l  b u it i s  11114 ‘t ) u i ( l u t u n i s  is

s ’ot i si s . ler ahlv ch iff s ’rs ’t t . l o t ’  q I , fc t’ s ’x at iip ls. ’, th i s ’  t ’a us g c ’ c - if Is ~ foi’ s i s t l u i l i t ’ i is

hs ’Lw’ t ’s ’t s 2 . 25 si nd 2 . 7. In pt ’ac’ I i  ‘‘ , b oth c ausci q si t’s ’ I t ulips ’ rat s u m  - Cli ps ‘t ids nt , t int l t i

this.’ s tab i l i ty  r a tsgs.’ 5 5 ’ s- us  ns i  i’row’ t ’ r. In this’  fo l l ow ’it ig ,  as ’  di ss.’iuss s t s ih i l  1 1 5  d’ t ) t Sdl  I t  ions

s c - l f — h i a s c ’d  huhhlc ’s  w ’b th i t ’t np t ’  ‘a l I t  i t ’ .

‘l iii’ stah i t 1 ty  s. ’s 1I u : itiot i for  th i s -  s, - l t — h i s t s s ’ i .I I t i u i t l u l s ’  is

ci h ç ui — I \  1 2 
— ~ - 0

is hi 21s \ q /  kbs /

If ws’ t. t s c (‘sill c’n and Ioss’p hs ’ 5 appt ’oxur n s i t  s’ s’xp ru ss iou (lu -i l O t  to t ’  th i s . ’  u i - i a g n s ’ t o sI a I  Ic ’

b ees ’ t t ’t ’mn , I- (ci h i m , ss’c ’ cats solve E q ( 5 1  tot ’ th is ’  h t thb lc ’  d ia i i s s - l t ’r  us  a I s u t s e t  tots  at  ~
‘ atisi

‘~~ , t . I - , ,  — - -

j (3 ah)
4~~~4(3 a h ) s

iL  (i )
2

hi 3ab I~
’

wh et’ s.’ a = ( 1 — I t b ( 1 2 and h i s the  t l s . uu i l b t s . ’ t ’  of c ’appi uig  -m~- i I l l 5  P~’ r I t i t h l u l u ’ . I It us i i  l : i t t s s s

i s  plotted in Uig s.ut’s’ S w it h  q as a p a ra n t s . ’ t t ’ r  t o t  Ii = i ( s log ! ’ - I i ~ - u s t - s i u  5usd i t  = 2 u ui , t u l t l u  —

h i u s u - s h m .

h u t cus look at Lb s. ’ siuig ls. ’—hiasc _’d easc’ f i  t’ st .  If i i  is s-otssl s ui t , d s s i  i’ i , -s w il ls ‘ : u l , s n n - g

si solid lint ’ with constant q, 5 ’ . g. , l i t i c ’  hI . \  fou’ q 10 ot’ 1 m i  I )( ‘ fs t’ q -
~ I , ( i i i  I a ~~i his  - r

h ia t ic i , if i’ is s.’otsstaus t , d s’ai’ies along a vs u’l ic-al h iss’ , c’ . g. , h i t i s . ’  1) 1 or  l i i i  \ I - . I t

t OI ls  u and s
~ 

va u ’y , d ss’iIl s. ’xhibit a cc-mp hic aled locus . I-c - it’ s’XsilsiI)ls’, if q a i ’ i -s l u - it s :

10 to 1 and is s - a t l a s  t’u ’om 0. 4 14 lo 0. 353, d ‘h sviil follow lO( ’ct S .\ I ).

in ne the r  I s ,  obtain  st rcstl feclitig as to Iso-ms tlsc bubbl e t l j s i t i s ~ t Cl’ \ : t i ’ i ( ’s  wil ls i ’ it si l

as ’ have I s t h i u l s u t e s h  t i _ I ’  
~~~ ~~~~~

, i t s  ‘I ’ : t l ) lC 2 fst t ’  V s t l ’ i I ) s t S  b u s - i  5t ~~~ t t t 1 5 u t 1 4  l h iu , ’  I - l a p s e m i u l ’ s’

v s iri st ti o t l is fu ’nuii l i t ’ ( s s  s t )
t t

( - for lint Ii I h mc s i t i g l  (‘— h ) i : t , s ( ’ u I  s tu wl  ( l i e  , i i s u l m l s ’ — h u i : t  si- il  r; u ~~~~~~~
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‘I’ . \ I U . I - ’ 1
- l ’ s.’iii perot tire \ ‘ari sut  i o tu of Bubbl e I) i su n -i et er (( ‘alculsit es fr om i-:q P i

LOC US ~~~~~~~~~~ ~~Z°L (/ / ~Cb

A - ~ B 10 0 0,414— ~~0 340 0,39 1.68 -4.17 +1.70

C ~ 0 4 0 0,431— -~ - 0,353 .0 40 176 —
~~

- 438 . 17 1

A - ~ E 10 - ‘-4 171 0.414 0 1.68 —‘— 2.62 +08 7

F ~ D 10 ‘--4 .1,71 0.353 0 3,45 — 0’-- 3)7 +01 8

A- ‘--0 10 “-4 131 0.414--’-~0.353 -0.32 1 ,68 —
~~ ‘- 4,38 ÷1 18

B - ~ C 10 -“- 4 - - 1 .71 0 340—-’--0,431 +0,47 4,17 —‘- 176 1 ,63

A —-’-~C 10 ‘--4 171 0,414 - ‘-0,431 +0,08 168 --~~-- 1.76 +0 09

A ’ ~-B ’ 10 0 0,295 -’--0245 0.37 119 —
~~~ 2,85 +1 64

C- .- 0’ 4 0 0,310-- --0256 038 124 — ‘— 3,00 +1 65

A ’ ~~- E 10 “— 4 - 1.fl 
- 

0 295 0 1 ,19—~ 1.93 +0,95

2 F ‘- 0’ 10 -‘-‘4 .1 ,71 0.256 0 2,54 ~ 3,00 +0,33

A ’ ‘- fl ’ 10 .’- 4 11 1 0.295—”-0.256 0,28 1,19— -~- 3,00 +1 ,13

B’ C’ 10 -‘-- 4 1.71 0.245— .—Q.310 +0,47 2.85 — 124 1,51

A ’ C’ 10 ‘-4 1.71 0,295—’—0 31 0 +0,10 119 — -~~- 1 .24 +0,08
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SECTION IV

SELF-BIASED MATERIALS AND DEVICES

its l~s, P i’s ’ s ’ c s i i i t n r~ scchioti \s s.’ his svs ’ - h t - t ’ t \  c i  a tii ’ ’u’c I - i g ’ ’ t ’  ‘‘51” s-\ Isu’ essm u i u ‘ ‘ I ’  th i s ’
s ’ i h i - s ’ t i~ , - h u l t i t —, h i s - I - I  lu l this. ’ -n ’l f— b u j su- .u ’ b  si i ’ i t m ’ t u r c ’ . Ous the  t i m — i s  u I  t h i s  st.e hs siv e ‘SSi ’UsSs ’d
Lt t til I i t  I i ’ i s l i i i ’  ti - t a p i - t ’ :uI d ub’ s ’ - st m l ,  h u - sc i l - h  ‘ 1s t  s l u g , I ) i r r  i t i g  I hut  tic’ \I six tu io u i l  his t . t . & ’  s’ i l l  g u ’ui \ v
s s’h i’— I i i , i ” s - u b  t ’i l i i i s O( ’ ( ‘ ‘ l u  b i t t  Is) this— — h u i c i h I c r i t  ions s’ s.’ Ima v t - cbs. ’ i’ is~ - uh su i t ’ ,-\sul t u In , - 1 1 , - i t ’
s t i l l ,  l i l y .  hi s th i s . ’  u s s s ’ s m t i t l  i i  s . .  h isu st. u.’\’t’I’, ‘. c ’ v i ’ u ’ : u h  ill usi ‘ S u i s i  I l l d -  m b s ’ s i g t i c ’  I s )  sultpol’t  ~( i l  —
h j s u s s ’ ’ b a i l ’ 1  ib s ’~ of — I a m  i h j s m n i s . - l  s.’i’ u i  ac hi s. ’s. ’t i gt’ o\s 0 Oi l 5i ( ‘nn spt mn v [li& I) pt’stg i’ J t i i .  It

i s  ‘ iecI , Ic ’ - I tI s s uL an es- s u h u : t t i i s i  ‘I th i s - — s  t i l u i s s it s in g  c o m s y p t i t i n u s s i l  114 ~ pei’ i~~u I  u h s ’ v i e ~-
si i’si e tu  i’ s ’ s  u , u m h ,  I he s. ’ :ui ’ i’ i s. ’ ch slut  su n  L t si 5 I l I ’ t > g r s u I s s  151 Pi’ovlst s. ’ I i :ns d ’l us e ds u tsm fi’ u m ns  w hi i c i r
I , ’  - i v i s e  ‘— t t i su h l i n t l , I u i  s’ st ’I l — I , i a s s ’ , I  ( ‘u m n l p o s i t  i u ’t us sou l i t t  u Is . ’ s i g n  iu i i p i ’ov eil  p i ’op sig sut 1 015

— I r l ,I c’tu i ’ u — ,

lm t’eviou s SI s t u  ti c ’s in .i m p - m  us m I t, -f i - u , t.sh ucl i st. s - I , ’  s.’Otil I u ’ u l m u - d  i t s  s isu r l s ib u i t ’ t u t m u  u ’y , sbso t.s s’sl
t h i s m i  i t  I - u  i s c ’ s ’ t ’ - u s s i i ’v  I t ’  I s i t l r i b s . ’  su i’es u s of lit s - l t — I ’ i r u s ~’ iI fi l tit iui such  a I : i sb s io t i  ( h t m l  t t r s t ’ c
is s i t u  t c ’ ” I ’ b i n s ] i l s u t s n : m ~~’ t o t hi s’ , l g u - ~ sO’ this ’  t u i r i — i t s g  i :uvs’ i ’ . I i u l t - s s  I h i s  is  ( lone
s i t l uS’ d ’ t i i i ! i t t t  u e b l i c ’ V S ’  S b si u t i l e  - a i t s i  ‘al c’t h u i  ug h  u -  u l o m s i s u i n  I s i t u  c its I bs e  b i s u s  I suv ci ’ . sc-c ei’:u i
pt’s ut’ c--u silsg t i s e i b t o t —  sveu’c (‘OIisI bt’l s. s V .11- id - , t t i u l i u I : m l ~~ i l l u t s I t s’ s ‘vt-I ’ s- 5 ( ’ l e s ’ b c n h  f u u i ’
s - s  . i h u u i f Is - i n .

~n c\ pc ’s ’i ini s . ’n t  55 ms s . ’ot it bu ct et i 1,’ sh s. ’ i s. ’u’s - i ul t s s -  i i  u s -  t ’ c q u it ’ cu l  i~~u t b s i t  j ots of is i su t i hn ’
‘I s’s Icc :mu ’ c’a sl ‘ ‘ I  t i u c ’  u t u ; i g u i c l i c - g s m i ’ s s s - i  lut i s t m i u t s l J he m I n i s ’ s  s_ i l ~it b u-k us e I n ( - i t u i d ’ : u l  (‘b c’bsing

t’ s i t t n ’r  I h i s u t u  l iv b l i s ’ m ’ } t s u I t l c : u l  sassing lit )] is s’ 1 b ’ s su s b s u u s  a g m  - i’ t - n s s s s u l  c’t c l i .  .\ a a (d i’ w i t  Is a
s i u s a _ I c -  f i h u s m  t i f  t s i ’ l ’ t u l s I l  hu l d ih e u h o t u s u i n  ns s b l  s. ’i ’i:ul w a s  ( ‘ a s m l c s i  w i t h  —l a iii of spiuliei’c’d 511 I . , .
.\ s.ti’ l s h  p s i l t e r t i  t O ‘‘ — I u ’ cs ’t  s s u n s l  5 i v o n L u c ’ ~u ’’ ssas  I a i r ’ ~‘l u ci u s I its (lie ~I I .~ lay er  h~ cou sv c ’u sti ~u s.t1
p h u o t u O i t h i o g i ’ : t p bu i s . ’  t ec }sn i quc’ s ,  I ’hsi s lc’ tt tI h tILi t i  of H( 1., 1 s h ; m u i s i s  00 101) of t i n s . ’  gssi’usct
l i l u s i .  ‘I bi s’ sss i tci ’ was I lien s.’I c ’ hi s ui I n  tot P h i u u - u i t r t r i c ’  suc’I s l u s i n g  the HI i , as subs etc h b55slsl ~ .

~t . i s i t ’uv of this’ gstr ncl f i l u s i  isi s it i , l s Iou’is seuh lit. - I I n s  l c s ’ r n t i i q s u s ’  ( ‘ s Ib i  lie p I.m cs’H in st ,Ssihlti ’:ils ’ uI
(s l u s ’ g h c ’  i ’ ’ t i i : t i n  u ‘— t : u t  s’ s t t  I V u : ,  I t h i s  :ipp t ’ t c u s i u :— I a st t hu I hi~ , i ’ !  b u t ’  s s u i t s u l i l s.’ l suu ’  usc ’ -ms - il ls Ib i s . ’

I~is. t Iuh~’ 1 :i s u-t s , I f ’— t u i:uss’ u I filuis ’. . ‘su i t ’ \ t u u b u l  i -  ol’ I t -  ‘ga u ’usi s ’ i t i h i u i  i — I : i t i u t  I’i i ru s i s i t  lois u k - ~~ --

(‘i’l h u i ’ i l  . i l , s , s s’ is shu ssa n in I- ’igs. tu ’s. ’ “ . h i s 1 1 t h  I n S u l t  i -g t ’ s u p l t  Il esuis l i t ’ sects 1 I t:u l cu rIe u I  h u e
I -‘l i t s i l s  i ”  i t s  :m s n : i t t t u ’ s i t s . ’i h I si tt gh s- ih i us ss ui n ) st: m t s’ ui - I  t in s ‘‘I bis - i’ ‘tI lt is i i i  1 b e u u i : u g i t c l i / e u V
(uisttl t lib s u uns t lti) slats’ . She sbo ti t u i s- s u u sil I miplu- l .u y (- t’ lilt - is S : u i l i l l h e t —  its svlsi s’ Is sse ltopeuh i t

s sit t st jt s s u I t  l uj smsc ’u h b utiishh s - ’— (if —t 5- lit uh i st uu s.’i s-i’ i’m’ uls. ’yi c’s.’ s.’v s mhuismtus m t s Issuv e Iis.’s.’is ci (‘lied Iti
t h e  ‘s t i t s ’  s t  - i nmi .

I ) i f f i d ’ u 1 t i d - ~ its eb is ii ’ st c ts . ’ i ’ i i sut is i t s  of si -h ‘— l i l a — u s I f i l u s s s  hs suv s -  s5L ’ls ( ’i i  sl isil t h e  Si tLi I’ cs- s

of p i ’ s t l u l s ’ i s i s  s c n s t l v / c ’ h .  ‘t i c  l~t ’ t t i e, I d t t ,  s ~ s & s l  fsu ’ — i i t ’ g lc l smv er  I i ]  n i —  u ’ s - h v  t H I  l s s eSu st i I’eusss ’is l
sif  f i l t s u  t h s i s ’k t se s s  I t t ) ,  ‘ cu ’o fi s ’ lu b strip-ms l i b i h i  ( a ) ,  c it lisr I uss ’ f i c i s l  1 11 0 ) s m n u i  N , ’ l  Ts’t i spc i’s u t u u ’ c ’
(l \). For usc 5:1011)1 I ’ ”  slio’,vts 1 s t t e r  in ‘i ’ su hl c 3 , t h e hsuhiisl s’ t ss:u t ct ’i sul Fli ts - i ihiic’kuies s is
stus ly stb sii,t i 1 t o  3 lInu s’s Ibis’ lsi :tsitsg li - m s - i ’  I u i e h u i c - s s ,  h i e t s ec ’ . use sr u ss: t l  op i ics t l  spe ciro—
phiotonseici’ tls s.’:Istlrctsl c u t s  c :sru u i o t Pc ’ u - u t ” l  i s - i (‘\l u’ s mc t  t hc ’ sc’ls:ti’ sul e lover I hiicLiss’- usc ’’- .
\IesisUt’ s.’isletst of i u u l t b s l e  c u i i i m b s ’ u s ’  p r u ’ s t t ul  S l i s t  i ’s ’st l p1’ l l h l l e i s s  s~ c\ -t - p i  t in t  t h e  lhs c ’u t r v

t u t u - u t  h~ in ’ ’  I l f i c - ’  I l i t  i n c h t u u b e  t h e  e f f e c t i v e  f ic ’ lu l  fi ’ sus s t h e  l l I s t s i n ’ .5 l s b y ( ’t ’S.  \ les i s iu t ’eti s ct sl
(11 y 5 - i ’ ti i’j s’l uh ‘h ri~iw h u h  st. i l l  s i l t  v is. ’ l ib t lie u - u s i u h  i u s l s i r i u s a t i o n  b i c ’ t ’ s u u s t ’  ‘I ths’ b u l :i s i i s g
I i s  u - i — . I- ’ l t i s t l l - . s u n c -  s - S i t s  m i t  I l l s -  u s s t i - — i t  i i  i’ ,,~ i t t — s  II lii i — ( ‘ b P l V 5 ’ t ’ 5 , 1 ,11 1 I t )  I hiC c t  ~s

‘I - u u u  - h i  i ’ll us - i — , 5, a , I I , , . an s i  1 .,_~ ss i l l  ‘ ‘i t s i s’l’ I q as 1 I t s ’ ” I st u - s i i l g l  s ’ l i v  s i -  i l l m u - u .
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Figure ~~. Isissads of (Sstt’u ’t I”ilm Isolated by Chensis.’al Etching

)ne can set, - hoth i h o w  t h e  I)rohlelsi ar ises  sind t h e  solution to t h e  probletsi 1s~’ t u e
folio ,s i ui ~ thic ’orc ti c sul  co t i s i t l er s t t  j u l i u s .  suppoSe t.vc Iis ivc usseasured Is Liv progrcssi\’ely
nsc’:tsu l’inn.si t h e  f i lm ths ickn c ’ s r-u u s  t h e  composi te  s t ructure  i s  grown.  No -mv for singl e
lover fi lnss , one \5 Ot I l ( l  ts ext f l i ( ; i  H i t  1’S’ \V t.s h i i c h i  l e sur i s , sv i t h s  ( l ie  known value of is , to the
value of . ‘I ’h iis can be (house hc ’ ; m s . t s e  i l - ic to t s u l  energy per un i t  siren for sits s u i’r:iy of
51 r ipe  u t t t u u : u i u l s  is given  1r5’

I- I- + I + I” (1-i t
1 \\ h i I)

w ’h -icr e l \\ is the svall s-i n s- i’gs , h’~~ is th e  1. c’eni s l u m cnei ’g\  5111(1 1’;!) is (lie thcn sag isei  i -i lag

en ergv .

\ i i n i u i i i ~ ing E 1 for su sitt glc - lover filtu l e: mu l s to ti -ic au sst lv ti c result re l at ing  s ,

tt ncl Li . ‘ih e u > t ’ , s l u i c n n u  in il - ic c’susc ‘uf t h e  h u i sm n-o uig l i v e r  ar i ses  from t bsc ’  u -iced to iisclude
anothu er  a :t l l  ci sc ’u ’gv I cr151. ‘i’hc tict effect is to t t thi h a term to t h e total energy ~hich is
an effect  i - m t  f i e l u  I (si l l- ’ ,,5 1hi~ i 5 I a here su s i t s t i P hs suv e l)ecn defiuse d in I tl ( ’ h)r e-m ’ious scci iOn .
We c:ius s.tsc tb -ic l’.tt siv ansi En,. u Rs’f l it r e - s . t h l  s Liv simpl y replacing hl ~, in their equations

s t i ) i ab .t
Fuv ~~ - 

~~~~~~~ ) 
, ‘I hse net result i s  t hs :ut if we appl y a field I t

eff lls,\1 
wh ich

s i lie hO i’ ii sL~ (‘ff(’Ct , we ca ts i t s e  thsc’ i- ’sss Ii s~s ’ ,snd (‘opeland r e s u l t s  (flef 11 to

cs s l c iu l su tc  ~ f r su t i i  a and h. ‘hu e colis u l~~
t’ f l uid i I 1 , , ,, is stncl \I ,~ si-i.e rel:uled liv

Is
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I A I I L E  3
C hss i rss ( ’L s. ’ t ’i i s u t io t s  Dscta sits Multi ls mvc u’ .h” i liii ~

Sam
~
eNo ,D

~~~~~~~~~~~~
Temp 00C T25

oc 50 0C 
_ _

h 1pm ) 1.14 1 .14 1.14

w (pm )  6 . 15 4 50  4 6 5

H~ (De ) 87,5 83 75
(puuu l  0,64 0,53 0.54

47r M
~

(G ) 233 219 198

~~ 
(erg /cm 2l 0,28 0.20 0.17

~/2h 0.27 0.22 0.23

Heff / 4ITM s 0. 27 0.21 0 2 1

Sample No 0 27 Temp 0°C 25°C 50°C

It ( p u n ) 1. 20 1,21) 1. 20

w (p nu)  5.06 4. 00 3 3 3

H~ (O e ( 75 70 65

~ (pm l 0, 58 0.49 0 4 3

4ir M
~

(Gt 200 1 84 167

57 (etg /c m 2) 0,18 0.13 0.10

‘ / 2h 0.25 0.21 0,19

0.22 0.20 0.1 1

Samp le No . 1-26 Temp 0°C 25 °C 50°C

It (p in) 0.9 0,9 09

w ( p u n ) 3.41 3.15 30

105 105 100

2.(pm) 0.41 0.38 0 3 7

47rM (G) 182 185 177

0
~~ 

(erg /cm 2) 0.11 0.10 009

i/2h  0,23 021 0.21

Heff/4iTM 0.26 0,26 0.24

iii
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\ \  h u g ’ s I S a  i I u j ’ c i’ SIgui d ’i u t ’ u a s l i t l i i u l s  1’ ’  th is . ’  c ’ :n ~~c i i i  s v h i c h i  i bi s- c’sI~~ t in u-g ‘ s i l l  is f o r u mi cul o u l s i u b c
I b is bs iuhuh l i , t 5 t 5  tgs. u-i s -  s.’t i vc  hisu I 1,0th I sni b its ’ sss. ’t I vs.’ I m ’onu m u  - exit’ i ’us s u l l Os t

i t s  explicit .u p~u c.i i’ . u t t ( ’ e  sO q u s (h im ’ c\ p r c ’ S H I O i s  s mus ul t h e Pi’s.’viotus u ,ns - prohibits its
‘ ‘‘ i - -  s - al c’s.tl:ut I ums 7 - l -. \ l .  for f i n i t e  

~i 
vsuls. u ’,--u, ‘ I l i c  on ly  alt s.-i’n:it is -c’ is to :m s s ingiu :1 s- s i l ue  to

s.i t ur  I ’ ’  u u i s u h c  Sbus i u I u t I t I ( ’ n I : i h  ui se smsit renie ust i - is ohv i sg oIil\’ 
~~, is , I “ ‘sl an s i ci.

‘I b is ’  l I l t  i c u b s s u l  u i s s . - s n — - u i l ’ c us s.’nt i s  ohv i u , u - u h v  ~a m I  s h i e d  by si ns easstt’c’nsenl of It - i c - field
a 1ij - iu i c’i I to gi ’ - c- ~si t u iou’ the bubble lOui s . ~in -€’ sl 0 coi ’rcspoustl s I n  su t i l s u x i n s t i m  t t s i s t s s —
itv ‘t’ tI ~c ii u’s I u t - - I c - i ’  sh iilu ’ :u -i in n  f rom su st r i pe d o t n s i i n  filuis . ii sc-u-n ’ s u ssiburs t i to use the
spst ti stl i i h i c t i r - g  ctssu u’ s uc ’ts ’u’i /ation SI- C ’ ) I -s ’h su s iqs.t e tbtc f 21 Ii ’ ul lsloc ’l s’d’t rotii c ’sill ex’ti’:m al

‘IF ’ l i t  i ) i u t s b l f l  s’su u’ isub le i t ’ssspc t:u t ui u ’c’ d smt si , Ii a-ill ic tseccs - ’ :uu -v 1s s’onsti’iuct su S I C
p~~5u t ’ u l U s  5 5 1 1  S r  I t i t  i i i  h igh Letiipei’smtur c ’ c ’supsu hui l i t  ies . \\e : t  t’e t si -ss.’nIiy ~‘vstlii su l t u g

I l l fl I i i  5 5 -  i u u l m h c - u n r e u t I : u t  ion ol’ ( lo s  p ro jec t . 1- rouis ( l id ’ chus ui — smcr eu’i~ :tt j i l t s  point of s —j ew
1S t - u i : m e t  St  s t ’ l . u u k : u u s t i g c ’ s-’ I t ’  suds Sm I n t O .  t)ns c’sun c -s usil y u- ’~I i ’ac l  a , h I

~~i. 5Usd ~ci ,,
i i t s  il - is’ Ii ’ i ’ .i t jots su is ch i t’l l - ls. ps nuuiebsdc ’~ u d th e  Isi s u n u h  l u su l  uo ’u l e u ’  s t i l ’f i ’ s t c’ t t ’ uh ‘is ay e s ss i t  Ii

c i l ,u i t e  h i ig ’i t  p r s . ’ e i s i sun  stu d c ’ l in i i i s : t t s -  um s e s i s s . u l ’euuueus t  ‘I I I .

‘ l ” h i c -  itu -ih qiti ci s.’uu’e fun’ ol ) L smi t sirng c’hsi m a u l s - t i a t  ton  s t s i L s u  I ’— i i )  : m s s i g t u  p su s’sIis.us ’ s i n m i
c’xl t’,us ’t t,l ,,~. \\ c ’ t t , s v c ’  t c - t s t , i I v c ’ h v  c - h t n ~~ -t u q [lo s s c - a l a s  i u n u t t ’ c  r e a l i s t i c  L Ien s  p : t  sitid

i n t u i t .  - s i  l i n t ’  ! i t : u  s i t  i . 1~ it s - I 3 i m ’~ h o t’ t b t u ’ u- u ’ n;n n i tihavc ’ u’ sc’1 f—hI~i s , u I  sstt is p l t ’ s, 1— 17 ,
1) — I ’ . , m u sh  I b ; . 11—1 7 suui uh 1)—I’ . ssi’ e u h ilu ld e lsuvs -u’ filusi s svith i a b l i : i s i t l g  I su vs.n ’  sit lIs t -
t , ’ i t c sut ii. — 114 is - i  t u ’ i p h c ’  l s t s ’ t t ’  i i l n s  ss mi t hs su hs ist siusg l s i v c t ’  u i  this ’ Iuisu t cuns sm u sul a p l su n: i i - —
l s i s m g u t i - t i c  h - s  u - i ’  ‘ t i  I sp .  Al so ng u y e n its IsuI , l a 3 ti’s’ u I lu  : t n u i  I ~~~ I ’  ~t i  

~~
. I ‘ eff ‘is i s  m c s m s —

n i t - u b- tv s i n  s i b ’ , j u n g  :u 1 i s i s  I i  u- l u I s i t  us  to  tissiLe eciusml ( l i e  ss I i i  I n s  ui I I n ,  - ~ i i’Ip sl otsi ssiu s s tsu sugts e—
t I :s.’u i Iti Ibis- i i h , p uts it s- ‘ hi rc-ctit ’b is tM I m ~~ I’h sis ussc ’sus i tl’d’titetst is usot :u a c cu r a t e  sm s this’  t.h C)
t i sc : us t ure u sss ’t st  l ’y  t I n s ’  SI  C tc’cbs tsls1uc . \t-v s -u’thuu’hs’ ~ s, LI -ic’ fstc’t t li smt I t 

~ 
I’~\b ,~ is siigIs (l~’

s t u t mi h e r  t h s i t s  s I Ii (i’m’ tlic ’ t o  ‘ t o s u h u h e I s m v e u ’  I iL 1i i 5  ~~- i - u n i  H I”  l i p l l u u i ’ l  
dnu u , t h eory that

h i d_ _ h _
I - l ” \ i . i - u  (b us- p rc)ii tts l i t  ‘ hi suus d ml — I . ‘I’—Ih “a’t- u i n i u t g h s  c ’ontr su ihi c is our

tltc ’ou’ v . til l t i n s  i l i c’u’ u’ h i :utuc- y tsias’ h uc- s i i t u ’ i l t t t t e c l  (u u sm p u t s~ Il uhs - t u l s i s  effect fF11115 th an
h i l s i n s i  r— tu ss ig n c’ t ic lsuvc ’r tutu , so ’  i t u s t ’  u ’t ’ t ’a  I m u sh (‘u’i :uI Psu’ :tiss s.’( c’r values wh ich ss erc’ oht sm i ts c i i
a j t hs s s iu t  t ak ing  i s ’ c ’ ’ ’ s t u t l  ( I f  i I n,- s t m a t  ‘ i f  1r, 5 , pl sm t i :m u ’ — tu ssu ’gus etic l:ivs.’u ’.

h r - s  — s i t i n g  ~‘i c p — u  b i : u - . u l ’ s’~ itt i in t:it, i ’ icaul e 1t1b ~ h ui t I s ’ , Ices cuts the sibscuvc llu’c’e
ssut sui )l (’u .

~~~~~~~~~~~~~~ ~~~~~ -~~~~~~~~~~~~~~~~~~~~ “ — - -
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SECTION V

H I G H  DENSITY CHIP  DESIGN

‘h’hs. ’ bask’  h~ h u’lsh  c ’bi ip uurgatsi ,ation b - is i~ been mhesc’ rihed its si i’e e s - u - i t  p u l l t ’ t  I t , ’ ! I
st ud IS s ’  i, ’o u i s pu us i tu .’ c ’bsip concept is su t sui s sai ’i -,s’,h in a sc-ccinuh papc’1’. )Hu’ t I Li .

1 , 1  rcsiuc ’e t h ese concept s to  prsu ct  I ce ,  t h e re  at’ s’ sc’v c -r su l  uhesi n gt s :m spc’ct 1’) l u e
c ’v smls.u at e( h first. ‘i’hsese i u i C l U ( h e  t h e  i n t c r f s u c e  elens c’nt , f t  m exp an siou u c i r c u i t .  - Is-c- ’ - 1s u
sm n i h I ransfcr s’uv itc t ues , sta sh ous— etsip c’oi’rs.’c ’t ion sch ietu’ u c.  ‘i ’hsesc ’ are  sap :mr a te ly  b t - ~ i - i ’ l i
lii this. ’ fol loai ts ’g:

3. 1 IN ’ l ’ i - : h t l - ’\ ( ’ l’: b :L I - : M i- :N’i ’ I ) I - S I C \

Ihe kc’v c’lcuis cnt for (t ie  l a rge  csupsu c i tv  chip thr ottgh i  ts sas k c ’ot uu po si t  jobs rc’ i k - s  1)15

lie i mit s-ri. ic’s - el ctss eusi Its-I - ms c’eb 5 s u chj  a (‘eu-it P~ tt en ss .  ‘I ’h ie su ussou ust of t ol era] ml c- ge’ urn ‘i u’s
m h l s i c u r i  I orm its thc ’sc ’ psm tLe i ’n s  i Ieiei ’usu i u s emu I lie us s i i s i is suuss c i r c u i t  ises’iouh I tu tu  cabs he sill ‘si’ s--i
uus sbe i ’ c - c r i :u in  t s u s m s k  c ’ O n s p m t s i t i o i s  su c c u  I’su av .  ‘I ’h s ’ e ffc-ct cuf ‘u , u t ic - ’ cv di si s u e t  I m u i n  ss il l  l i e
sts.uihje ’I lI\’ t i -st c i r c u i t s  a it t i c-n i sl t ’ol Ic ’u h uhiHt (ui ’IIon . . 05 5 ’s: u n t i l , ’  js slsow n i t i  L i g u t ’ c -
It asstss Isi s of sm t im j n ’ i l, s ’i ’ ol’ si u ’ - OgIt t 1 i ’ t t p : m g : u h  itiun p i t - - u , I -sm s. ’ l s p :14 hi i s  lIt ix’riut Is loi n - S
sund eousnec’tc’s I to tb - ic r u Ij a ~-s’msl lis t h Li t t’ octng In l ust c’rb: i cc’ d ci i i  ( - b i t s ,  It ’, ’ cotit i’u d l  i t ig I h u e
i ’ ( ’ l : t t  1 5 5 ’  pl sm c ’et u i e t i t  ( if  tins-sc p st lhu s tlsc’ gt’ssnuet rv di short j o t - i  due i i )  u s i tisl- , c-iuu r - I l u t s i t  i t i s t
usi i s s t l i guuul s s .’bsl d Sluu he s l l f l h i l s h t u ’ u V su ui ,b (bin s c’sun ise ev: m lcu:il cal tbii ’ ’i uug 1 u i i i a ) ~

) i g a l  ittt s i S S S u  t’ i t

u s - i c ’sbscl i ’ s. ’uus c-lit.

‘i’luc ’ s.’irecuit sh own in I-’ii~urs.- I) c’oussists of l i i  :-~ u lu pci’ io sh C ’ -I c ’ ni eu s t m’. . ‘i ’b - ic s iu s i su —
l smt c ’u h t ss i s: ih i gtn u is c ’t u is 2 ,~ in u s  m o t h :~ su isd V : u x i s ,  \‘i su sul suhsd’l’v:ut jobs ‘‘I p u p  ‘ -g int i
on thsess.- circuit s sl it ia s (lint I uut l  i t  l a - u  cats t olers stc ’  t h i s type of geou s su-1 u’v u h i  Si ’  l i t  Its sv it ls
l it t I c ’  u n a m  t ”g i u t  sb e gr smil s i l io is .  A m l u s i b s t i l s m l i v c ’  l s i c ’asurc ’u uu eui t  ss ill bc usssms l c ’  mt ~- t ’ .

Sevei’su l tic- -m s L s ’~ 1 ps u i t c ’ l’us s u i ’ s ’  hi ei ts~ sbe s igiu ed iis c’l wh ius g t h e  s u s v i s l u s u c t r i c ’  I n s u l t  - I i s k
c’ii ’c’uit sb e s ic ~ms . ‘h ’bie ci res.tit -ms - ill he iti s u c ’losetb loop foruu s inst  esul of ss 51 i ’su i gh it l j t s c  so
Ih i s i t  ih ic -  prnpsl i~sb t i o t s  t s i z t r g i t i  ch sm t s t  c ’ smis h i s . -  I s i t -  ets i n n  u ’ s- s te  e t u rs i t e l s -  th ssn s I hu n t  I u u u ’  su  H i  i’s , i i J u t
psu t h i .

5. 2 I ( I  EXPANSION ( ‘ h R C J ’ I ’h ’

-\ -u l ix ’  c i r c u i t  pc -n od is scsi l c d  (lo ’ivt s i t  ssas  l o u n i t  1 h a u L th i s ’  cobit  r oh c ub t’i’c ’t i t s smp pt ’o \  I —
t uu s i t e l y reususmi t s  t he  ssun an .  ‘h ’hus (or n- u os s t l i  bubble ci l ’c-iuIt s lIst ’ c’urrs’isl de issit  s- in (lie
control sI  eusseust  .s hts. ’roti uc ’ thi s’ tu a isu r P ius itin g I s i c’ i t  u r . ‘1St as , sa tI n i s  rc’ ~I u ’i c ’ t  I on , i I is
pi’oposei b to expsmn sl th c ’  c i r c u i t  per iosh  i t - i the I -( I sc’c I i O t i .

It a as observed in I bse  u’epl i c ’stt i ist ,~ t~’pe g(’tu(’rsut or I hs si l lbs e s ecu I h tuhbl c’ cslui t l’sls ’( ’l
arouts sh tui e perip h ery of sm dis h - s or squ: t u’s ’ d ens c u t  ml usstuc ’hs h s i gbier  SI- ice ’ Is (hats ihsroug hi
si ‘h ’ — i u s u r tyix ’ p r op s igs m l jots c iu ’c ’u II . ‘h ’ his. u s , it  is  p siss ih lc t o  pi ’opsu gst l c’ hubdules ous c’i reut II s
‘iv i t  hi pen osh s us i s.u eb i r e sit  cv t h sssti  th an n ou n I intl cmi cr 1 ous of four t i t s i c s  of t b - i c  bubbl e
d i a n u e t e r  provided t h e  pot c ’nt i su l  ss-ell u t i i h s ’ r  ( t i c ’  c i r c u i t  I r s i ve l s su ss ootb i lv a il ls u s e  it ip isu t i e
rotat ing field is in ( h u e casc’ s-if t lie ci u ’i ’ u u l  ru t ’  d isk u i t -  :utt s ’u 1ui ‘ i n  ic-nt b e i l  Ic-rn . i’his s’nitc ’riots
can he u sic ’t sv i t hi  the l l u ’ u - s i - i u l  ( ci u ’ i ’u i t  t u t .  h :ulf d i s h ~ ci result ‘It- ~i g u l st.bi c ’t’ s ’ ls t t hsi s is ’ s a l ’s’
s’ss s uit i s i l l ’  propagsut t tsg :ui  otug 51 su I t ciot Ii pu i’m smll s w houisu h a rv . ‘c i (‘St ci rs.’u it is heiu sg
shcs i ’g t t s ’ s I  1s t  e v a l u s u t e  I I n s  a s susC d h l t .
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A sc’l’ies t tl i ’ctsut ’ il iti g t y j ) s -  ( h c c t u h ’ u ’  sw i ic ’h ms . ’ s  m u ’ s ’ I u s ’ i t m g  I u - s u g u i s ’ i I ,  l I u a  u h t - ~~t - s t i
goal is Ii ) t ’ s is iht l i shi  su loss pss w ci’ u a- i : ub ’ ’ iii t- g 55’, it c h sCuic h u i u s u v  i t l l u - i s u t  c- ‘is iu h i ibt s- s t I l t
su p s’u ’ su i i t sg rui n u - g i n  sus  (l ie pI’iups u ngs m l i u t t t  circuit. i’l ts - lusts Ic’ u I c ’ s - ing n i t — s  — .m st u ’ . m g u i  s- ‘ i t  —
clu s. ’ to i -  l ius s ’  c’ m ’ u , s s u u v c - u ’  ct! this- Pu ’ tu t u , u ’ - s u i  l u t m i  e l s ’ u iu cu i t  . \\ Iu’bs S t  s-ib i’i’tili Pil l (‘ i ’ ’
i his ’ s u g l s  ( lie c ’ , u u i u l u c ’ t o u ’ , ii ti - i z m y u t s ’ t u i ’ i ’s u l  c - u - i i h i c ’ u -  smu t  s i l t  t’:u ctis a pu l t -  i t  s u ui’ i x u i sis s ’ p iihs - m’
a hsi s. ’bi a ill Isolsi  ib se  bu iOi ls ’  I u n t i l  p l ’ u i p s u C s u i  i t t g  lot ’’,’, . u u t . t h i t i s  u i , u u ’ l u g  t i ts’ ~l i ’ 1l~ t 5 u - g ; u I  1 1 1 1 1  t s ’,

u u t u u -  cy s . ’hc - . ‘hi s ’ I ii’ It h isu g u b  i i u m t  s.’l s ’n i c ’ t s t  n u -‘u, u I  i s  ib i s . -  ‘ u s i m u t a  u s  i u u  I hut - tot e I l us t hi s uts il this. ’
y s u i ’ j : u t i u u t t  l l s u r ’ s u t s lc ’ ie i ’  i s  t h i s . -  s ’ , , t i u t i u c ’ ( s u i ’  s’i I It hi : uui , h p l :i - l ’ t t s u - t i ’s .

I ts —i Is - s tbt s ’ ccitt  u’ I l o g  s-ms Itt-lu . I his.’ 
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us — i h s i h i t v  ‘ ‘ I  c u — i  t a a u, i ’s ui i sl s i ’  sw it ch ht e ts ’i s - u’ u s
I -  ii beut ’alls. ’l psutbi s :us : u i l c ’ s ’ t u u h s ’ t’ su i us’ bi s ’ iul l m u is ’, ’ I u i -  c ’-spl u t t - h .  l b s  1 5 1 1 , -  sO H-~s iI s-lu

is i t u t  t ’ j u s s - i s - s m l l v  1 1 5 5 c c ’  i l I t f i s i u h i  t i ii s.- s- i gui i h : m n t S t -  t ’ m - i u u’ - h l i i - g t y p e ‘u ss i t c - h i .  I t  - I s i s ’ s -  u s u ’ i  b i u s s t c ’ y s ’ t ’
u - i’sji mi i ’ s’ su t i t l s s . ’  -. h ’ i t  ‘ ‘ a i h i c ’  ‘ c - i  i a Is  H b i s . i b , i , I , , i h u c t s -  it t ’ cq tui u s ’ ~. l , - - ” u  — p i t -  s u u s s l  l u - s-s
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I I iN-C’ I h 1I~ (
‘ ( t i t h t  h~(

’ I i u\ Sc - bib - \I IS

‘ l ’ su ac ’hi ic ’vc ’  su t’ s - s m s s , u i s , b u l c ’  ~‘i s ’ l t I  I s u m ’  l i i i -  l smi ’ g c ’ asp ’ ails chip ii is t - — — s- ri l i s u l  1st bisu s t-

fsu s. u l t  to ler au si  c ’ s u p s u h i h i l v  i i i  I S ’ -  - i i  ‘ u - r i g s ’  ~u i ’ -g s u t i  I — a i  i s u i t .  h i s - i - i t t — c -  ni l Ih i , - I: b I t e - I ,
csupsu c ’u lv its t t i t’ preset -it - b s- ”I citi i t is u t sliL s -h - m t h istt It w ill I - u- h s u t m ’ s j h t i s ’  i t ’  -nln p t thus ’ s s m:u u u-
Of f — C h i i I )  Coni’ ( ’s ’ti stt s s i h l p t ’ t t u n - l s  h t s ’ i h u u t _ s  I in i n i t t l i  plc i i~ i ’ 5 t n g s-  I t ’ l l )  l s i s u  I s t t ’ — t ’  h u t  I
cir gstnii st t ion .  ‘l’ hci ’c’Foi t - . u I I t t - u - t ’ u - s s i us l s— s ’Is’sl) s-isI’i’c’ci ~- ‘i ’i — a - i’ i s u u - s- h i s i ss ’ I’’ l it tc’t Ch ip s ’ - ,
‘l ’ hie sitsipl c’sI suppi’ sa u s ’t i  i t is ’ s u l y c - - — sm p I u s  sics ui t ’ i l l ’ i ’ t ’ c l i u t t i  ‘n h i - i , -  p ( ’ t ’ t u r  u h h i s v  p b ’ u u ~i , u ’g s t t i s u t s
p s m t l i .  ‘L ist ’ basic’ t’nui s c’pt is  m s  I u u i h u u s ’ s :  I c ’b i c ’ s ’u’ o ut  pu ’ i t h l s u n g ub u u n i  ‘ ‘ I s  i s  a \il .ul i u i c’ - 5

s’erticsmllv smu s ub spIlls m i t t  I’i ’is ut i tt c ’ u ’ s. ’ti b p 1  Its . Iv — u-Is- u - s Is sly u- s t’Iiluun, t suise ‘‘I i~ c I l _ i l  I t s
sus s sty I lie 1)uh-ihlhe is loi’cc’d in t l r i u p s m S s t t -  t i n t ’ , ‘ut ’g l i i i  - i c e s ’  i i  u n i t i n g  r’: t I n ,  H i -  u ’ s ’ :  s - uttt I ‘ur
s.us im s g  sm i s iu l t ip l e c lu e ’ i ’ r s u t s  u l e s i s g t i  is its IoIl ’ us u ts c’c ’ i t s  t u i l t t t u u ’  n g ( ’ i ’ u n r c ’ l I’v i t t n I i s ’ r l s ’ c i i u s t t — .
‘i’lsu s, a certa i ts  b i s i s s u l i gu i m eus l  i s  sul l o - m ’ i  e ul  tk t  ‘in st  t b ’ s -  sc’h c- c - i i s s -  u - ’  c ’ I t j t t n g  ~~~~~~~~~~~~~~~~~ I u s ’
oilier sm s bs ’ssusl sug e of s.tsitsg I b u s  type s-il’ st i’s.uc’Is.tt’s.- is th a t ii t ’suus hue it — ’ s ’ I m s a 1 isus c ots—
t ro l i s t h i lu  ps ii— ssivs- t ’ep l ic sut or .  ‘ci lsssv h i l s i s  f i t - l b . Crc ’  b g i b du l s -u - z : u u t -  lulls ,un i~el u Hu H its Il sis
c i r c u i t  su nd ca ts be repl i c’ate i l lu s to  ( ‘ , ‘ i s i  for  e su cts  h - iu ’ t u p s ig , i t  i (tll h ) s t i h i .  I I t o  t - s  s - u ’ . a b a-us th i s ’
h i l s i s  f ield is  h u gh , hubbies ss’ill bit )! he fully sbrebeluc ’ u I :mtt sl ss I i i  sh r i n k  t o  Ihc lop c- ’ ige
of ( l ie  chievi’ots t r s i ck  au s s i otslv p u ’ s up sugsu l  e ii u i t i n g  cUbs’ p 5 mb h. ‘l h ict’ e f o u’ c ’ . itO-I ’ s- s i t’ s ’ Is’ s)

pu’it h )ss gs ui lt tt s t s u t s -s , r epl ic ’st t e  s m u s u l  t i o i - i—u ’ ep l i t ’ s ibe ,  its i b s i s  s’Il ’ ( ’u ll s u u ’ t ’ s u u s g c ’ i nc ’u sL , su ts ub
(b u y (CUt he c’otsti ’oll ’- ’ i h t h roug h b n s u s  p s i  s i t i c t . I b s i s  t u i ’ o t s u - _ - m n i sos s ’ I i su i ’ s uc i cu ’i St IC ~C i b - i  he
it sci h fun’ w a f e r  lcs’el t e s t  iusg its  sc’l c’c’t i tan th i e u bc’fec’t fi’s’e Iii’ ‘b ’’ —

~ - i l  t h u  i) s i  1 Its ,

- -~~ ‘ ,~~~
‘ ‘

~~T~~~~L1 ~ ~
‘H7.— ~ ---_- .- - ,



- - - -
~~~~~~

—
~~~~~~~~

SECTION V I

SYSTE M CONCEPTS STUDY

‘iss ‘‘I t h i s  tiissc only certans p r eli n s ius siu’ v s i t i u l  gcuic - rsmh H \ ’ s t y i i i  c’’ti -’— i ’ I e u ’ ui it tu is his u s - u-
h ’ uec’u s e v s m l u s t t c c h .  Som e nu vsteus s su spc -cI s sud s sis tlse Cli ii ) c ut clec’t rs uusi  c’s j u s t  eu’fsue c s t re  u t
i uu s u ss c s i i s t t e  interest  because tlsc ’ ch ip c b c ’ s i g i s  an th  orga t s i i su i  i sau s i s  cot s—I rsui uie ul liv I h u ( ’

urn us - i her of corn h)Oii eust s, the h)o\yer. c’tc’ . of tb - ic ’ -u ’~’ ~1 c i i i . 1’ se refo cc , i s - i t  ,“ O of (ha-
‘u ’, s t c ’ t u t s  s luis il\’ s iss  “uc up port Ion t h is b )u ’t)5HI’S n i n n ss ill a’ u h i i ’ s-c ’t as h ins’- sub is P i ’O ic ’ a t i u s t& con—
c’eptusil c’h ’u i p  or gs tusi s ’smtio u s  anti pa r s tmc ’t t ’u ’ ’~ to su 11)12 usi cussou’v h)\’ s u t s s il ~1ic’su l suusd ‘,~u’ n b u lIi c ’ su1
ns etlsoub—a

i ’ rs t i lc ’off  s tu sb i s ’s  have bec ’us s t s u  u t  c- u I t h u  I I c h  eruis Il -ic ’ t l ie iu pt  in iu ts i  ch ip o r g s u u i  i i s i t  l ou i s
I h i s u t  s’i ou l sb r c ’ su u lt  in th u c ’  b ) t ’s t  sy stem ‘Ic-sign s vj t h i  i’especi to usr u mi s l ) c ’ r of c’oussp ot ict st s ,
nso shu ls t r  arr auige uss cu st  s sinsl ph -i sicstl (‘t)tsst rust I ‘ i i i .  SvsI (‘iii p s m r s m u i s e t  (‘l’s to  isc’ si ru h i e s b
are:

1. ( ‘bsip o t ’g su i s i s ” su t io t s s

2 . ‘-s \ - ’ u i s . - m i u  uss odule size

:1. 1 \ Iu l t  ipl e signsil iRis s i r r s u u s g c i s s e t s t  5

I .  h” su ul t  tol erssu st loop seleetious

‘i. (‘ou stroller requireusse t s ts

14, Sv’u st s ’ui s da t a  rates

7. Svst c ’ t t s  p0\\’( ’l’

“. 5’,’-”u~ s ui t phiVSiCSbl size. sycig hit , etc ’ .

‘risc ’ bas ic’  svsts ’usi us io sh c ’l is shio’,yus in l”igui’c’ II) and cotssist s of a controller stuid
a u iuu s i her ‘f us etsi orv mu sosh ul  s. cut s i ts. I- su c b s  t isos i ul s. (Wit usiust  l)C seif—cotitait seth :muisb he
s t p s ’t ’ s t l ( ’ i h t t r , i t i S t  S i si~~flStl  s t u i ( h  control  bus ~y s t s ’u i u .  A g1’su~)hi s ’ i s u s  nssu hc sh owing t h e usu ru shcu’
su f ch ips ansi niouiul c-s rc~isu m esh for si 1 , 1 1 5 5 1  ( ‘ l i i  ut s i tu g chips ss iths Si 1. 14 x i t )  ~

‘ h i t
c’stpaeitv .

[us ors lc ’i’ ( u u  ohtsu its t h e  s’,’st ens data rate of SI) ),h I I ’ ,, a u suussber of ( ‘isij) s its l) Sti’ StI l  el
u u i i i — t  i)( ’ b ) 1’~ t ’esss ’u l . I ” ig t t r s ’  ii sh is i svs  th u s usuu ishc i ’  as 1 fuu sction of the  h s u s i e  f ield
rot :mt j ot i st l  mu t e  stn h t u e  number  of u hetec ’tou’ outputs  from a ch ip.

‘i ’h uc ful l  r es it l l  s of t u e  sv st s ’c ts  conceptual st uuul v will  l)e pi ’eseustcd ius t h i c  next
in t s ’r i u ti  I ’ s-p Ol l . ( 5 5 ’ s’ a lso  l~i - l  I S )
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SECTION V I I

SUM M A R Y

Encouraging small bubbl e material properties have been obtained with an
YSmTmGaIG composition. Film samples h ave been submitted for device evaluation
at botls S ~ns and 4 ~ rn periods. A Ge-substituted variation of this composition is
being formulated to extend the temperature range of operation.

A more rigorou s analysis of self-biased structures has been carried out . The
results provide 1)ettcr insight into t h e  criteria tisat t h e  material parameters and device
structures must satisfy for stable variable temperature operation. Preliminary
material and device processing studies have been initiated on self-biased structures.
The design of component s to test tlse hybrid chip and wafer level integration concept s
is proceeding. A test chip has been submitted to CAD (computer aided design).

The system concept s stud y is at an early stage but will be completed in the
interval of the next interim report .

In general the prograns is proceed ing on sch ed ul e and accord ing to plan.
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